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The Distribution and History of Nuclear Weapons Related Contamination
in Sediments from the Ob River, Siberia as Determined by Isotopic Ratios of
Plutonium, Neptunium, and Cesium

by
Timothy Cope Kenna
Abstract

This thesis addresses the sources and transport of nuclear weapons related
contamination in the Ob River region, Siberia. In addition to being one of the largest
rivers flowing into the Arctic Ocean, the bulk of the former Soviet Union’s nuclear fuel
reprocessing and weapons testing facilities (i.e. Mayak, Tomsk-7, and Semipalitinsk) are
located within the Ob drainage basin. The atom ratios 290py/*pu, 2'Np/**°Pu, and
37Cs/**%Pu, measured by magnetic-sector ICP-MS, are used to distinguish between
contamination derived from global fallout and contamination derived from local sources.
Deposition chronologies estimated for sediment cores are used to construct a record of
weapons related contamination at the sites sampled. Contaminant records indicate that in
addition to debris from atmospheric weapons tests, materials derived from local sources
have also played a role in nuclear weapons related contamination of the Ob region.
Isotopic data presented in this study clearly demonstrate that non-fallout contamination
has been transported the full Iength of the Tobol, Irtysh, and Ob Rivers (i.e. the tributaries
draining Mayak, Semipalitinsk, and Tomsk-7, respectively).

In several instances, unique isotopic compositions are observed in sediments
collected from tributaries draining each of the suspected non-fallout sources. In such
cases, these materials and their deposition ages have been used to link contamination in
the Ob delta to Mayak, Tomsk-7, or Semipalitinsk. Linear transport rate estimates (km
yr'') indicate that contaminated sediments transit between source tributaries and the Ob
delta on time-scales of < lyear. These estimates suggest that a catastrophic release of
contamination due to dam failure at one of the many reservoirs located at both Mayak
and Tomsk-7 that contain high levels of radioactive waste would result in measurable
levels of contamination in the delta within as little as 1 year.

Isotopic concentrations in sequentially extracted sediments containing weapons

related contamination reveal that the majority of plutonium and neptunium (80 to 90




percent) behaves in a similar fashion regardless of the source and is removed by treating
the sediments with citrate-dithionite. This indicates that plutonium and neptunium are
not truly refractory and likely associate with redox sensitive sedimentary components.
Isotopic ratios measured in extracted fractions suggest that only a minor fraction of

contamination is associated with acid leachable or acid digestible sedimentary phases.

Thesis Supervisor: Frederick L. Sayles, Scientist Emeritus
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Chapter 1

Nuclear weapons related contamination in the Ob River: Introduction, Background,
Previous work, and Objectives

Introduction

Nuclear contaminants have been introduced to the environment through a number
of activities, primarily those related to nuclear weapons development, production, and
testing. Contaminants such as plutonium and neptunium, and cesium are important in
their own right as a human health concern due to their extreme toxicity. Long-lived
radionuclides such as >°Pu, 2*°Pu, and Z'Np (half-lives of 2.41 x 10", 6.56 x 10°, and
2.14 x10° y, respectively) present a long-term threat. Atmospheric weapons tests
conducted primarily by the governments of the USA and former Soviet Union (FSU)
have been the major source of contamination to date. However, the generation of large
quantities of anthropogenic radionuclides in the form of weapons inventories and
radioactive waste, without a safe and effective means of long-term storage, makes future
contamination a concern. In this context, understanding the geochemistry and behavior
of artificial radionuclides once they are released to the environment is imperative. In
addition, human health concerns and environmental contamination notwithstanding, an
unexpected benefit of these isotopes is that they also provide powerful tracers of natural
processes.

This thesis addresses the issues of artificial radionuclide geochemistry and
transport by examining the record of nuclear weapons related contamination contained in

undisturbed sediments collected from the flood plains of the Ob River, Siberia and its
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major tributaries, as well as the Ob River delta. Particle reactive artificial radionuclides
are used to characterize the composition and input timing of contamination derived from
both global and local sources. Studies like this one are possible due to several important
features of weapons related radionuclides. First, the specific isotopes used in this study
are derived entirely from anthropogenic sources. Second, the release history of the
primary source of contamination (i.e. aboveground testing of nuclear weapons) is well
constrained. Finally, the isotopic composition of nuclear contamination is dependent
upon its means of production, e.g. weapons testing, fuel reprocessing, power generation,
etc. This last feature offers the ability to resolve contamination from sources other than
global fallout, the release histories of which are not as well known. Uniqueness in nature,
release information, and the ability to identify a particular source of contamination by its
isotopic composition make these isotopes extremely useful for resolving different sources
of contamination contributing to delta sediments as well as determining rates and
mechanisms of transport. An additional quality of the elements of interest is their particle
reactive nature. This not only allows their application to the problem of the fate and
transport of other non-nuclear particle reactive contaminants (e.g. heavy metals and

organic contaminants like PCBs) but also to the general problem of sediment transport in

a large arctic river system.

The Ob River and Drainage Basin

Arguably, the region most heavily affected by weapons related activities is the Ob

River located in the Siberian Arctic (Figure 1:1). The Ob River is over 2000 km long and
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flows north to northwest from the Sayan Mountains to its similarly named estuary, which
feeds into the Kara Sea. It is the third largest river flowing into the Arctic Ocean and
ranks among the largest in the world with respect to both drainage area and annual water
discharge (Bobrovitskaya, Zubkova et al. 1996; Meade, Bobrovitskaya et al. 2000).
Compared to other rivers of similar water discharge, the sediment discharge is small. Of
those rivers draining into the Arctic Ocean however, it is estimated that the Ob
contributes up to 25% of the total sediment load (Milliman and Meade 1983). The Ob
drains an area of 2.5 x 10° km’, which is approximately 1/3 of the Eurasian Arctic
drainage (Milliman and Meade 1983). The Ob drainage basin can be described as
generally low-lying terrain comprised of large areas of forest and swamp; these terrains
are primarily flood plains which act as excellent sediment traps, limiting the delivery of

sediment to the ocean (Bobrovitskaya, Zubkova et al. 1996).

Sources of Radioactivity to the Ob River

The Ob River is not only among the largest rivers emptying into the Arctic Ocean;
its catchment houses the bulk of the facilities connected to the FSU’s nuclear weapons
program. The two main weapons production and fuel reprocessing facilities, Mayak and
Tomsk-7, and atomic weapons test sites near Semipalitinsk, are situated on tributaries
feeding the Ob River. Atomic weapons tests conducted on the nearby island of Novaya
Zemlya are also a source of contamination to the region (see Figure 1:1). Incidents of
serious environmental contamination at the FSU’s weapons production facilities are well

documented (Trapeznikov, Pozolotina et al. 1993; Makhijani, Hu et al. 1995; Aarkrog,
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Dahlgaard et al. 1997; Bradley and Payson 1997). Releases due to accidents and waste-
handling practices include storage tank explosions, direct disposal onto land and into
rivers, storage in lakes and open reservoirs, burial of radioactive scrap metal and solid
waste, and deep well injection. The total amount of radioactivity released from sources
located within the Ob drainage basin is estimated to be 1.25 x 10° Ci (4.63 x 10"° Bq)
(Bradley and Payson 1997). The estimated radioactivity of storage inventories at Mayak

and Tomsk-7 combined is nearly twice that amount (Bradley and Payson 1997).

Previous Research on the Ob River

In an effort to better understand the transport of anthropogenic radioactive
materials and identify sources of contamination in the Ob River, several studies have
been carried out. Panteleyev (1995) measured particle reactive Bcs, 23RPu, and 2***%py
in sediment cores from several small flood plain lakes at different locations in the Ob
delta. The author concluded that sediments in shallow flood plain lakes are relatively
unmixed, and thus preserve a clear record of transport and deposition of Pu and Cs. The
stability of these environments also permits the use of 2'Pb, to establish independent
chronologies; these matched the timing characteristics of global fallout deposition quite
well as indicated by Pu and Cs. Using activity ratios of 2**Pu/***?*°pu and 22°2%°py /'*'Cs
to indicate sources of contamination to sediments, it was concluded that global fallout is
the dominant source of these isotopes to the Ob Delta region; however, uncertainties in

data would permit up to 25% from other sources.
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Sayles et al. (1998) employed a different approach to more definitively identify
the sources of weapons related contamination to delta sediments. The plutonium and
neptunium isotopic composition of a material corresponds to its means of production
(i.e., type and duration of nuclear reactor fuel burn-up, fuel reprocessing, high and low
yield weapon detonations). This allows Pu and Np isotope ratios to be used as indicators
of a contaminant’s source, which led to the measurement of 23 9Pu, 240py and 237Np
isotopes by thermal ionization mass spectrometry (TIMS) in a sediment core from the Ob
delta. Results from this study confirmed that global fallout was the dominant source of
contamination over most of the nuclear age. However, they also provided clear evidence
of three additional types of non-fallout contaminants to delta sediments. The presence of
contamination by materials from the Chernobyl accident was indicated by measurable
amounts of '**Cs activity in a horizon well above the horizon associated with maximum
global fallout deposition. Based on departures from published values reported for global

237Np/240Pu indicated two additional types of

fallout, atom ratios of 240py/2°Pu and
contamination, one enriched in **’Pu and the other in *’Np.

Using similar techniques to identify the origin of contamination in the Ob River,
Cochran et al.(2000) measured Pu and Np isotopic ratios in suspended material collected
throughout the Ob River system in 1994 and 1995, which included the tributaries where
Mayak, Semipalitinsk, and Tomsk-7 are located. Relative to the average global fallout
23 7Np/239Pu and 2*°Puw/**°Pu atom ratios of 0.48 and 0.18, respectively, the material

suspended in the Tobol River exhibited a low ZNp/*Pu ratio, which indicated

contamination originating from Mayak. Suspended material from the Irtysh River
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exhibited low 2*°Pu/**°Pu and high 2 "Np/**’Pu ratios when compared to global fallout,
which indicated contamination from Semipalitinsk. Material from the upper Ob River
exhibited a low >*°Pw/?*°Pu ratio, which indicated contamination from Tomsk-7. The
authors concluded that contamination observed in suspended particulate matter from the
main portions of the Ob River and Ob delta was derived from a mixture of global fallout,
close-in fallout from Semipalitinsk, and material originating from weapons reprocessing

facilities.

Research Objectives

The research objectives of this thesis are to: 1) develop a history of nuclear
weapons related contamination in the Ob River system, and 2) obtain better
understanding of the transport and mobility of these materials in a large arctic river
system. In pursuit of these goals, a rapid plutonium and neptunium measurement method
was developed using recently available magnetic sector inductively coupled plasma mass
spectrometer (MS-ICPMS) technologies. Down core distributions of the weapons related
isotopes 23’gPu, 24OPu, 24'Pu, 23 7Np and '¥’Cs in sediment cores collected from flood plain
lakes in Ob delta, the Ob, Irtysh, and Tobol Rivers, and one core from the Taz estuary
were measured. Similarities between model deposition ages suggested by unsupported
21%py activity (*'°Pb,), the timing of the deposition of radionuclides associated with
global fallout, and atom ratios of the measured isotopes (240Pu/239Pu, 237Np/23913'u,
¥"Cs/**°Pu) have been used to develop time scales for the down core isotope ratio

profiles of these nuclear contaminants. Isotopic ratios have also been used to characterize
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contamination originating from the various weapons related sources in the Ob River basin
as well as to differentiate between local sources and global fallout.

An important issue concerning the use of isotopic ratios of different elements (i.e.
237Np/239Pu and *’Cs/**°Pu) is the possibility of fractionation of Pu, Np, and Cs.
Fractionation due to differences in geochemical properties could result in variable Np/Pu
and Cs/Pu ratios, which would obscure source information. Since elemental ratios are
used throughout this study, the reader is directed to Chapter 7, where experimental work
has been conducted on this issue and where other data are discussed to suggest that
fractionation does not impact the major trends in the sediment records.

In further support of the research objectives, sub-samples of sediments from the
Ob River, delta, and major tributaries for which bulk Pu and Np isotopic composition
revealed non-fallout contamination were sequentially leached with a series of different
reagents. Each reagent was selected to isolate isotopes bound to different geochemical
phases ranging from easily exchangeable to refractory. The distributions of 29y, 240py,
and *’Np among these chemically defined components are reported and implications for
the mobility of nuclear weapons related contaminants originating from different sources
are discussed.

Finally, first order radionuclide transport rates are estimated using the isotopic
information obtained in this study. Due to their particle reactive nature, the elements
studied can be used as proxies to arrive at contaminated sediment transport rates.
Contaminated sediment transport rates are estimated in the Ob River using well-dated,

isotopically distinct features that are observed at both upstream and downstream

27




locations. The potential transport of contaminants from likely sources within the Ob

watershed is discussed.
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Chapter 2

Sources of Radioactive Contamination to the Ob Watershed

The major source of radioactive contamination to the Ob River region and to the
environment in general has been global fallout from the atmospheric weapons tests,
which were conducted primarily by the USA and FSU during the 1950s and early 1960s
(Perkins and Thomas 1980). Local sources of radioactive contamination include two
nuclear testing sites, and two of the FSU’s largest nuclear fuel reprocessing facilities and
weapons complexes. Additional sources potentially important in the Northern
Hemisphere include the Chernobyl accident (April 1986) and aboveground weapons tests
conducted by the government of the Peoples Republic of China (PRC) from the mid-

1960s to the early 1980s.

Radioactive Fallout from Nuclear Weapons Tests

The first atmospheric nuclear weapons test occurred on July 16, 1945 at the
Alamogordo, New Mexico test site. The FSU detonated its first atomic weapon at the
Semipalitinsk test site on August 29, 1949. A summary of nuclear weapons tests
conducted by the 5 major nuclear powers is shown in Figure 2:1. The USA and FSU
conducted the majority of all atomic weapons tests. Testing increased during the 1950s
until the November 1958 moratorium, which lasted until September 1961 when testing

began again in earnest. The majority of the atmospheric tests occurred from this point
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until the signing of the limited test-ban treaty in early 1963, at which point both countries
initiated substantial underground testing programs. Atmospheric testing continued on a
much smaller scale by the governments of the PRC from 1963 to 1980 in the northern
hemisphere and France from 1966 to 1974 in the southern hemisphere (DOE 1982).
Atmospheric and aboveground testing of nuclear weapons is significant because it
results in the injection of radioactive materiél into the stratosphere and troposphere; the
subsequent deposition of thié material on the planet’s surface is termed fallout. Fallout
can generally be divided into two types: global fallout and local fallout. Global fallout
occurs when an explosion of sufficient yield occurs, and the debris is injected into the
stratosphere. The deposition pattern of global fallout exhibits a latitudinal dependence
with maxima at mid-latitudes and minima at the poles and equator. This is due to the fact
that material exits the stratosphere via the tropopause discontinuity. Since
interhemispheric-stratospheric exchange of materials occurs on longer time scales than
materials exchanged between the stratosphere and troposphere, most global fallout is
deposited within its hemisphere of origin (Joseph and Gustafson 1971; Krishnaswami and
Lal 1978; Perkins and Thomas 1980). This effect can be observed in Figure 2:2, which
shows the latitudinal distribution of *°Sr for the period 1958 through 1967. The large
maximum ~ 45° N is due to the fact that the majority of nuclear weapons testing occurred

in the Northern Hemisphere (Joseph and Gustafson 1971).

Material injected into the stratosphere has a residence half-life of approximately
one year (Junge 1963; Bhandari and Lal 1966; Lal and Rama 1966; Thomas and Young

1970). Figure 2:3 clearly illustrates the relationship between the timing of the two main
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testing periods in 1958 and 1962 and the subsequent deposition of global fallout in 1959

and 1963-1964 (Larsen 1980).

Local or close-in fallout results from low-yield explosions with only enough
energy to inject material into the troposphere. Figure 2:4 indicates that explosive yields
of <100 kt do not inject appreciable amounts of material into the stratosphere, however,
explosive yields on the order of a few Mt are sufficient to inject nearly 100 percent of the
test debris into the stratosphere. It must be kept in mind that these estimates are for
tropical latitudes, and tests conducted at higher latitudes would shift the curve in Figure
2:4 to the left due to atmospheric attenuation. The deposition of material injected into the
troposphere is controlled by weather and wind patterns, which can result in an uneven
distribution on the earth’s surface. Although residence times in the troposphere for this
type of material can vary from seconds to months due to the size of debris created during
an explosion, the typical residence time is between 20 - 40 days (Stewart, Crooks et al.

1955; UN 1964; Krey and Krajewski 1970).

Weapons Test Sites

Above ground weapons tests occurring in the Northern Hemisphere are of interest
because of the possibility of both global and close-in fallout contributions to the Ob
drainage basin. Of particular interest are the two FSU test sites, Novaya Zemlya and

Semipalatinsk-21; the USA test sites in the tropical pacific (Enewetak, Bikini, and
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Johnson Atolls, and Christmas Islands), and to a lesser extent the Chinese test site at Lop

Nor.

Semipalatinsk-21 is located in northeast Kazakhstan (48 °N x 76 aE) (c.f Figure
1:1). Approximately 124 atmospheric and above ground explosions occurred at this
location (Figure 2:5a). The first test occurred on August 29, 1949, and the last
aboveground test occurred on December 24, 1962. The majority of these tests had
explosive yields that were < 100 kt with a concentration of relatively higher yield
explosions occurring between 1956 and 1958. The tests at Semipalitinsk likely generated
significant amounts of close-in fallout to the surrounding region but contributed little to
the global fallout signal. Between February 2, 1962 and October 19, 1989,
approximately 332 underground tests were conducted at various locations within the test
site. Four of these tests were “cratering” explosions, which released radioactive debris to
the environment. The most significant of these was the Chagan Lake explosion at the
. Balapan area on January 15, 1965, which was set off at 150 m depth and had an explosive
yield of 140 kt. As a result, it ejected large amounts of fallout debris into the atmosphere
as evidenced by the resulting 400 m X 100 m deep crater (Bradley and Payson 1997).
This test site is also important because it is located within the Ob drainage basin on the
Irtysh River. Drainage of contaminated areas likely results in dispersal of materials by
fluvial transport down the Ob. There are also three research reactors located at

Semipalitinsk that are potential sources of contaminants.
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Novaya Zemlya is comprised of two islands above the Arctic Circle between the
Kara and Barents Seas (73 °N x 55 °E) (see Figure 1:1). The first test occurred on
August 21, 1955 and the last test occurred on December 25, 1962 (Figure 2:5b). The
majority of tests conducted at this site were in the multi-megaton range; one test
conducted on October 30, 1961 was estimated at 50 Mt, which is the largest nuclear
weapons explosion to have ever taken place. The combination of high yields and high
latitude caused the introduction of substantial amounts of material to the stratosphere.
The 1963 maximum in global fallout deposition is attributed to the large number of high-
yield tests conducted at this site between 1961 and 1963 (Aarkrog, Tsaturov et al. 1993).
Low yield tests (< 200 kt) conducted at Novaya Zemlya may also have contributed close-

in fallout to the Ob watershed.

Tests conducted by the USA at low latitude Northern Hemisphere sites in the
western Pacific are shown in Figure 2:6. Although the first test in this region occurred on
June 30, 1946, the first test of sufficient yield to produce significant amounts of global
fallout was the Ivy Mike test, which occurred on October 31, 1951. This was the first
thermonuclear detonation, and it was significantly larger than any previous explosions
(10.4 Mt). It was also the first test that injected appreciable amounts of material into the
stratosphere, and it has been used to mark the onset of global fallout. The majority of
tests after the Ivy Mike test were in the multi-megaton range, and they occurred in three
distinct groups, in 1954, 1956, and 1958. The 1958 maximum in global fallout
deposition is attributed to the large number of high-yield tests conducted at low latitude

test sites that same year (Aarkrog, Tsaturov et al. 1993).
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Lop Nor is located in northwestern China (41°N x 91 °E) approximately 800 mi.
southeast of Semipalitinsk. Figure 2:7 summarizes aboveground tests conducted by the
government of the Peoples Republic of China (PRC). By comparison, the number of
nuclear weapons tested is substantially lower than those conducted by either the FSU or
the USA. The timing, however, is important. The first above ground weapons test
conducted by the PRC was on October 16, 1964 after the USA and FSU had signed the
limited test-ban treaty. The PRC aboveground program continued until October 16,
1980, and included 6 multi-megaton above ground explos—ions (DOE 1982). As aresult,
the Northern Hemisphere global fallout signal from the late 1960s to the early 1980s is

comprised wholly of debris from PRC tests, some of which is likely present in the Ob

Watershed.

Weapons Production and Nuclear Fuel Reprocessing Facilities

Of the two weapons production and fuel reprocessing facilities located within the
region (i.e. Mayak and Tomsk-7), the Mayak Chemical Combine (also known as Mayak,
Chelyabinsk-40, Chelyabinsk-65, and Ozersk) is the largest of the FSU’s weapons
production facilities. Recent reviews document considerable contaminant release at
Mayak and give estimates of inventories (Aarkrog, Tsaturov et al. 1993; Donnay,
Cherniack et al. 1995; Bradley and Payson 1997). The Mayak facility is located near the
city of Chelyabinsk along the headwaters of the Techa River, which is a small tributary in

the Iset-Tobol-Irtysh-Ob river system. Throughout its existence, Mayak has housed ten
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nuclear materials production reactors. Table 2:1 summarizes reactor operations at Mayak

(Bradley and Payson 1997)

Table 2:1 Summary of reactor operations at Mayak

Reactor Name  Start Date  Shutdown Type Purpose
A 6/19/48 6/16/87 open circuit GLWR Weapons-Pu
AV-1 6/15/50 8/12/89 open circuit GLWR Weapons-Pu
AV-2 4/6/51 7/14/90 open circuit GLWR Weapons-Pu
OK-180 10/17/51 1965 Heavy Water Weapons-Pu
IR 12/22/51 5/24/87 open circuit GLWR Weapons-Pu
AV-3 9/15/52 11/1/90 open circuit GLWR Weapons-Pu
OK-190 12/27/55 11/8/65 Heavy Water Weapons-Pu
OK-190m 4/1/66 1986 Heavy Water Weapons-Pu
Ruslan 6/16/79 Operating Heavy Water 3H, 28py, Co, **C, "Ir, sy
Lyudmila 6/16/79 Operating Light Water °H, 28py, ©°Co, MC, "*Ir, Psr

Mayak’s early operations were dedicated to the production and reprocessing of
low burn-up fuels in order to produce weapons-grade plutonium (**°Pu), >**Pu, tritium,
and other special isotopes. In 1976, the processing of spent fuel for the production of
weapons-grade plutonium ceased. Operations were converted to processing spent fuel
from civilian power reactors, VVER-440 and BN (fast breeder-type); this included
reprocessing spent fuel not only from reactors operating in Russia but also from Ukraine,
Bulgaria, Hungary, and Czechoslovakia. Additionally, spent fuel from naval propulsion
and research reactors is also processed (Donnay, Cherniack et al. 1995; Bradley and
Payson 1997). Recently shipments of spent fuel have begun to arrive from Germany for
reprocessing. Operations also include the storage of reactor-grade plutonium recovered

from reprocessing operations since 1976 and vitrification of liquid radioactive waste.

Severe contamination of the environment has occurred as a result of activities at

Mayak. Beginning with the installation of the first plutonium production reactor in 1948,
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all liquid reprocessing wastes were discharged directly into the Techa River. In 1951,
dam construction allowed containment of high-level wastes. The release of intermediate
and low-level wastes continued until 1956 and 1964, respectively, while construction of
additional dams was completed (Cochran and Norris 1992). It is estimated that a total of
2.75 million Ci was released to the river during this period (Bradley and Payson 1997).
One of the most highly contaminated lakes in this system is Lake Karachai, which was
used specifically as a repository for high-level radioactive waste after 1951. It is
estimated that Lake Karachai contains 1.2 x 10® Ci of radioactive wastes. Under drought
conditions in 1967, winds dispersed approximately 600 Ci of contaminated dust and
sediment from the exposed shoreline downwind to a distance of 75km (Donnay et al.,
1995). In an effort to create a more secure repository for high-level waste, on-site storage
tank construction began in 1953. In 1957, due to poor maintenance practices, a tank
containing approximately 2 x 10’ Ci overheated and exploded dispersing about 2 x 10° Ci
to the local environment (Cochran and Norris 1993). While current levels of operations
at Mayak are significantly reduced, the threat of contamination has continued to increase.
High-level wastes with an estimated inventory of between 5.46 x 10® and 9.76 x 10® Ci
reside in storage tanks, many of which are similar in age and construction to the one that
exploded in 1957. In addition, seepage from Lake Karachai has also contaminated the
groundwater with strontium and a number of other nuclides. A plume is migrating to the
south at a rate of = 63m yr''. Wastes estimated at 1.22 x 10° Ci reside in the open
reservoirs and lakes. Rising water levels and aging dams create chronic contamination by

allowing the escape of radioactive water through spills and seeps. Dam failure would
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result in a catastrophic release of radioactivity and massive levels of contamination

(Donnay, Cherniack et al. 1995; Bradley and Payson 1997).

Tomsk-7 (also known as Siberian Chemical Combine and Seversk) is
located near the cities of Seversk and Tomsk on the Tom River, which is a tributary to the
Ob River. Due to the secrecy under which Tomsk-7 was operated, information
concerning waste management practices and environmental releases is less reliable than
information from Mayak. Reports and personal accounts indicate that operating
conditions and disposal practices did not differ significantly from those at Mayak.
Throughout its history Tomsk-7 has operated five reactors, two of which are still in
operation today. The main purpose of facilities at Tomsk-7 was the production of
weapons-grade plutonium. Reactors ADE-4 and ADE-5 are still in operation. These
reactors are unique in that they serve a dual role, producing weapons-grade plutonium
and providing power to the city as well. Table 2:2 summarizes reactor operations at

Tomsk-7 (Bradley and Payson 1997).

Table 2:2 Summary of reactor operations at Tomsk-7

Reactor Name Start Date  Shutdown Type Purpose
I-1 11/20/55 8/21/90 Open circuit GLWR Weapons-Pu
-2 1959 1/1/91 Closed circuit GLWR Weapons-Pu
ADE-3 7/14/61 8/14/92 Closed circuit GLWR Weapons-Pu
ADE-4 1962 Operating Closed circuit GLWR Weapons-Pu/ Power
ADE-5 1963 Operating Closed circuit GLWR Weapons-Pu/ Power

Early operations at Tomsk-7 included the production and reprocessing of both
weapons-grade plutonium and highly enriched uranium. Current operations include the

production of low-enriched uranium for use in power reactors and weapons-grade Pu
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reprocessing operations. Plutonium production began at Tomsk-7 in 1955. In 1976,
Tomsk-7 began receiving all spent fuel that was produced at Mayak for the purpose of
weapons production. Similar to Mayak, a series of reservoirs were constructed to receive
radioactive waste; it is estimated that 1.30 x 10® Ci have been dumped into them. Other
significant radioactivity has been released in the form of high level waste injected into
deep wells; approximately 1 x 10° Ci has been injected since 1963. In 1993, a tank
containing approximately 537 Ci exploded. While heavier contamination occurred at the
explosion site, it is estimated that over 40 Ci were deposited in the surrounding area.
Other reports describe the practice of waste disposal from the “once through” type of
reactor directly into the Tom River as well as the underground burial of wastes and
highly contaminated materials. The true extent of current contamination and the threat of
future contamination resulting from activities at Tomsk-7 are not well known: however, it

is likely to rival that of Mayak (Aarkrog, Tsaturov et al. 1993; Donnay, Cherniack et al.

1995; Bradley and Payson 1997).

Nuclear Reactor Accident at Chernobyl

On April 26, 1986, due to design flaws and operating errors, RMBK reactor 4 at
the Chernobyl nuclear power station was severely damaged, causing considerable
contamination to surrounding regions. The accident has been described as a ranaway
nuclear reaction. This caused at least one and possibly a second explosion within a few

minutes of one another shortly after the accident began, resulting in the release of ~ 50 x
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10° Ci to the environment (Bradley and Payson 1997). Releases of radioactive material
also occurred days to weeks after the initial accident as a result of fires and heated reactor
zones. Due to the extreme heat and prolonged nature of the accident, material released
after the initial explosion(s) varied in its isotopic composition and may be characterized
as being enriched in elements that are more easily volatilized such as Cs, I, Te, Ba, and Sr
(Krey, Klusek et al. 1986). The most heavily contaminated regions were those in close
proximity to the accident, which lead to a 30km exclusion zone surrounding the nuclear
power plant. While areas in the FSU and Europe received the majority of the
contamination transported away from the reactor site, measurable radioactivity was
detected as far away as Japan and North America (Krey, Klusek et al. 1986; Bradley and
Payson 1997). Contamination derived from the Chernobyl accident has been observed in

sediments from the Ob River (Sayles, Kenna et al. 1998).

Isotopic Composition of Different Contaminant Sources

Nuclear contaminants derived from various sources contain different proportions
of plutonium isotopes, 2'Np, and '*’Cs. This is due to the fact that the isotopic
composition of a nuclear contaminant is strongly linked to the means by which it is
produced. Global fallout is derived from high yield weapons tests. Contamination
originating from Mayak or Tomsk-7 is derived from the reprocessing of low burn-up fuel
for the production of weapons-grade plutonium. Contamination derived from
Semipalitinsk is derived from mainly low yield weapons tests. Contamination derived

from Chernobyl is derived from high burn-up fuel as a result of nuclear power
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generation. Thus, the different production pathways, to a large extent, control the
isotopic composition of a nuclear contaminant. If contaminants originating from
suspected sources are well characterized with respect to their isotopic composition and
release histories, it possible to confirm or rule out their presence in sediments collected
from various locations within the Ob watershed, as well as the fractional contribution
from each.

The mechanism by which these different sources obtain their isotopic signatures
1s essentially the same. As uranium and/or plutonium is bombarded with thermal
neutrons, several nuclear reactions can occur. The primary reactions producing 237Np,

plutonium isotopes, and various fission products are as follows:

pe . ™Y 239 ' L N WU L YR A
U———-———)‘U—-—)'Nf > ““Pu > ““Pu S > “"Pu
4479y 23.5m 235 24ledy 6.56¢3y 144y
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385 23 Np
4479y 2.14e6y
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24]Pu 241 Am 2371\1p

144y 433y 2.14c6y
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7.048¢8 y 23427 y 6.75d 2.14¢6 'y

)

Fission Products (t;,,):

Sr (29.12y), "®Ru (368 d), '*Sb (2.77 y), ¥'Cs (30.17 y), "¥Cs (2.07 y), **Ce (284d), ®Tc (2.13¢5 y)

Neutron bombardment of fissile or fissionable material can cause one of two

important reactions: neutron capture or fission. Neutron-capture and beta decay cause the
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production of successively heavier isotopes of plutonium and other transuranics (i.e.
americium and curium), and the fission reaction causes the target isotope to split
producing any number of lower mass fission products, energy, and additional neutrons.
The energy released by these reactions is the basis for both power generation and the
destructive nature of nuclear weapons. In some cases, the energy created by the fission
reactions is used to produce a fusion reaction, which results in a substantially higher
explosive yield (i.e. a thermonuclear explosion).

2"Np is produced when an atom of 2381 undergoes a neutron capture, then
spontaneously loses two neutrons. 2"Np is also produced via the beta decay of 21py
(half-life =14.4 years) to **' Am, which subsequently decays by alpha emission to ZNp.
The half-life of **' Am is 433 years, which means that 2"Np will continue to increase over
the next ~2000 years. As a result of weapons related activities in the second half of the
twentieth century, 2'Np (half-life = 2.14e6 years), together with the fission product, PTc
(half-life = 2.13e5 years), will be present in the environment for millions of years.

Neutron production is the main factor in determining the isotopic composition of
a nuclear contaminant. If production is controlled, a self-sustaining chain reaction will
result, and each fission reaction will produce one additional fission reaction, as is the case
in a nuclear reactor. If neutron production is not controlled, fission reactions will
multiply quickly, causing a nuclear explosion or rapid disassembly to occur as is the case
in a reactor “meltdown” or atomic weapon detonation. The transuranic composition and
relative abundance of fission products produced are proportional to the duration and

intensity of neutron irradiation as well as the isotopic composition of the initial material.
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The longer this material is irradiated or the more intense the neutron flux the further up
the chain the production reaction will proceed and the higher the concentration of fission
products in the irradiated material. Thus, low burn-up fuel er weapons Pu production
can be characterized by low *°Pu/**Pu and high burn-up fuel for power production and
high yield weapons can be characterized by relatively higher **°Pu/**°Pu (Makhijani and
Salesks 1995).

Numerous studies have used the source specific signature of nuclear contaminants
to reconstruct radionuclide time histories and resolve input from multiple sources. Much
of the available isotopic information documents the isotopic signatures of the various
sources as they are recorded in different environmental samples (e.g. soils, sediments, ice
and water). (HASL 1973; Koide, Goldberg et al. 1977; Koide, Michel et al. 1979; Perkins
and Thomas 1980; Koide, Michel et al. 1982; Buesseler, Livingston et al. 1985; Koide,
Bertine et al. 1985; Buesseler and Anonymous 1986; Buesseler and Sholkovitz 1987;
Buesseler and Sholkovitz 1987; Trapeznikov, Pozolotina et al. 1993; Yamamoto,
Tsukatani et al. 1996; Yamamoto, Tsumura et al. 1996; Buesseler 1997; Beasley, Kelley
et al. 1998; Kelley, Bond et al. 1998; Yamamoto, Hoshi et al. 1999; Muramatsu, Ruhm et
al. 2000; Oughton, Fifield et al. 2000). The available isotopic information for each
potential source to Ob River sediments is discussed below.

The published values for sources of contamination to the Ob watershed are
summarized in Table 2:3. Kelley, Bond et al. (1998) published the most comprehensive
and globally representative data set documenting the global fallout inventories and

composition of plutonium isotopes and >*’Np in soils. These authors have shown that the

48




atomn ratios of 2*°Pu/**°Pu, 'N p/239Pu, and 2*'Pu/?°Pu exhibit relatively little variation in
soils collected at locations around the world. This allows the characterization of global
fallout and provides a means to detect the presence of contamination derived from
sources other than fallout, which differ markedly in their isotopic compdsition. The
average 240py/2py, 237Np/23 °Pu, and **'Pu/’Pu ratios in global fallout for the northern
region of the Northern Hemisphere (30 °N to 71 °N) are 0.180 + 0.014, 0.480 + 0.070,
and 2.44e-3 £ 3.5e-4, respectively (see Table 2:3).

No '*'Cs data is available for the samples analyzed by Kelley, Bond et al. (1998),
however, the average 2****Pw/'*’Cs a/ctivity ratio of global fallout is well documented at
~0.026 (decay corrected to 1/1/1995) (Koide, Griffin et al. 1975; Krey, Hardy et al. 1976;
Koide, Goldberg et al. 1977). Using this value and information published by Kelley,
Bond et al. (1998), it is possible to calculate 137Cs/24°l'3‘u and '*’Cs/**'Np atom ratios for
global fallout (Table 2:3).

The samples analyzed by Kelley, Bond et al. (1998) consisted of homogenized 30
cm soil and sediment cores collected from a wide range of geographic locations in the
early 1970s. Given the homogenization of the samples and the pattern of global fallout
deposition (see Figure 2:3), the average values reported will be heavily weighted by the
second and larger period of atmospheric testing (Septerhbervl96l to August 1963), which
" occurred after the November 1958 moratorium. It is reasonable to use the average
isotopic values reported by Kelley, Bond et al. (1998) to characterize global fallout in
samples with estimated deposition ages later than ~1960, since the majority of global

fallout was delivered after the weapons testing moratorium. Isotopic data for pre-
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moratorium testing is limited, however, reported 240py/2°py atom ratios and 2****°Pu and
37Cs activities measured in Arctic ice cores from 1954 to 1959 allow the average atom
ratios 24OPu/mPu, 137Cs/mPu, and the 2°*0py/"¥Cs activity ratio of global fallout to be
estimated for the pre-moratorium period (Koide and Goldberg 1981; Koide, Michel et al.
1982; Koide, Bertine et al. 1985). The average **°Pu/***Pu is 0.247 + 0.03 (n=7), the
average '*’Cs/**°Pu is 0.267 + 0.082 (n=3, decay corrected to 1/1/1995), and the average
239240py/137Cs activity ratio is 0.0364 + 0.01(n=3, decay corrected to 1/1/1995). These
results are also listed in Table 2:3.

Available data that document the isotopic composition of materials at Mayak
consist of soils and sediments collected from the Techa River and the region
contaminated by the 1957 Kyshtym explosion (the East Ural Trace or EURT)
(Trapeznikov, Pozolotina et al. 1993; Beasley, Kelley et al. 1998; Oughton, Fifield et al.
2000). Where data overlap (see Table 2:3), there is good agreement (i.e. 240pw?%py
EURT). The lower 2*°Pu/”*°Pu ratios observed in the Asanov swamp, suggest that
materials contaminating it are different from those in the EURT samples. The isotopic
ratios observed at both locations are quite low and easily distinguishable from global
fallout. Additionally, >**Pu/*°Pu ratios provided by Oughton, Fifield et al. (2000) for
soils and sediments proceeding downstream from Mayak to its confluence with the Iset
River generally increase and approach a value ~0.10, suggesting the influence of global

fallout. Interestingly, sediments collected in the Iset River 10 km upstream of its
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confluence with the Techa River yield a 240P.u/23’9Pu ratio of .200 £ .032, a value not
significantly different from global fallout.

The isotopic composition of materials originating from Semipalitinsk is
documented by the isotopic analyses of soils collected at the two main test sites (the first
experimental test site and the Chagan lake site). Additionally, samples collected from
Akzhar and Kainar, two villages 40 km to the northeast and 75 km to the south,
respectively are also listed in Table 2:3 (Shebell and Hutter 1996; Yamamoto, Tsukatani
et al. 1996; Yamamoto, Tsumura et al. 1996; Beasley, Kelley et al. 1998). While the
isotopic compositions reported for Semipalitinsk materials are substantially different
from global fallout, they also demonstrate an extreme variability with respect to “Np.
Beasley, Kelley et al. (1998) attribute this variability to differences in depositional
inventories across the test site, differences in sampling techniques employed by
Yamamoto et al. (1996) (i.e. homogenized soils to a depth of 5 cm vs. the top few
millimeters), and radionuclide inhomogeneities in the soils. Additionally, soils from
Kainar also exhibit elevated levels of ’Np. Elevated levels of 2>"Np may be due to
certain types of weapons tested at Semipalitinsk (Beasley, Kelley et al. 1998). Some of
the variability may be due to different sampling techniques, however, as Beasley, Kelley
et al. (1998) note, some of the variability is no doubt real, suggesting that the use of a
single end-member of uniform isotopic composition to represent contamination
originating from Semipalitinsk may not be entirely reasonable.

The reported isotopic composition of materials from the Chernobyl accident

consist of isotopic analyses made on soils collected at sites 6, 26, and 28 km from the
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nuclear power plant. Estimates of the isotopic composition based on the nuclear reactor
inventories at the time of the accident are also included (Kirchner and Noack 1988;
Muramatsu, Ruhm et al. 2000). In general, the isotopic composition observed at all three
sites is quite similar. Additionally, estimates made by Kirchner and Noack (1988) are not
significantly different from actual measurements in the soils samples (***Pu/**°Pu and
137Cs/*pu), indicating that they are reasonable indicators of Chernobyl contamination
deposited near the site of the accident.

There is, however, evidence that suggests more variability than the data presented
for nearby locations indicate. Several studies of the Chernobyl accident have shown that
the deposition pattern of radioactivity was highly variable throughout Europe and that the
1sotopic composition of this material varied throughout the period of the accident (Krey,
Klusek et al. 1986; Livingston, Buesseler et al. 1988; Buesseler and Livingston 2000).

Krey, Klusek et al. (1986) observed that the proportions of refractory nuclides
(ie. '°3Ru, 140Ba, and l‘”Ce) to volatile nuclides (i.e. = 1327, 137Cs, and 134Cs) from
Chernobyl exhibited large differences with respect deposition location. Compared to
soils from cities in central and southern Europe, soils measured from cities in Sweden
were depleted with respect to refractory nuclides.

240pw/™*Pu ratios measured in surface particulate matter collected in the Black
Sea show minimal elevation above global fallout values. The 2*°Pu/**°Pu ratios in
dissolved surface samples however, are uniformly and significantly higher than global
fallout. While the distribution of plutonium between particulate and dissolved phases in

the Black Sea suggest a relationship that is quite complex (see Table 2:3), the high ratios
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observed in the dissolved phase do indicate that some Chernobyl derived plutonium was
distributed well away from the site of the accident. However, the 137Cs/“%Pu ratios in
both dissolved and particulate phases are extremely elevated over those observed near the
site of the accident, indicating that substantially more cesium than plutonium is present in
the Black Sea as a result of Chernobyl (Buessler and Livingston, 2000, Livingston,
Buesseler et al., 1988). Due to its particle reactive nature, one would expect dissolved
plutonium in the the Black Sea to decrease, while Cs would be conservative. This alone
will cause Cs/Pu ratios to increase with time in surface waters similar to Ce/Cs and Ru/Cs
ratios (Buesseler and Livingston 2000). These observations further suggest that the
isotopic composition of Chernobyl material is variable, but it may be generally
characterized as depleted with respect to refractory nuclides as distance from the site
increases. In the Ob region, large increases in B37Cs after 1986, which are attributed to
the Chernobyl accident, are not accompanied by increases in plutonium concentrations or
elevated 2*°Pu/***Pu ratios (discussed in Chapters 5 and 6). This indicates that
contamination reaching the Ob region as a result of Chernobyl was also depleted with
respect to the refractory elements, including plutonium.

Isotopic values suggested by Kelley , Bond, et al (1998) for tropospheric fallout
are not significantly different from values reported for Semipalitinsk; therefore, attempts
are not made to differentiate between these two sources. Other potential sources of
tropospheric fallout to the Ob region are tests conducted at Novaya Zemlya, and possibly
Lop Nor. The isotopic composition of materials at these sites is unavailable, making it

difficult to accurately assess their influence.
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End-member isotopic values used in this study

In some cases, available data documenting the isotopic composition of each of the
suspected contaminant sources to the Ob watershed show a large amount of variability.
Given this variability, some of the isotopic ratios listed are not as useful as others in
resolving the source(s) of contamination (e.g. the »>’Np/**°Pu ratios observed in soils
from Semipalitinsk spans the range of values observed in global fallout and Mayak, as
well as those estimated for Chernobyl). Figure 2:8 illustrates the range of isotopic
composition observed in contamination originating from different sources and
demonstrates that the 24OPu/239Pu, 237Np/239Pu, and ’Cs/*%Pu isotopic ratios measured in
global fallout are distinct from other sources. Furthermore, the isotopic compositions
measured in materials originating from local/other sources are sufficiently distinct in
some cases to allow identification of materials originating from each one (see Table 2:3
for references and further details).

To discern sources of observed nuclear materials, contaminant records in Ob
River sediments are compared to the published isotopic information for the various
sources of contamination discussed above. In the following discussion, the term ‘global
fallout’ is used to denote global stratospheric fallout. In general, the values used to
define global fallout are those defined by Kelley, Bond et al. (1998). The *°Pu/*°Pu
ratios listed in Table 2:3 for each source are different from one another. While these
ratios are quite low compared to global fallout in samples from both Mayak and

Semipalitinsk, those from Mayak are lower, and **°Pu/***Pu ratios lower than ~0.03
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Figure 2:8. The range of isotopic composition of contamination originating from
different sources (see Table 2:3 for references and further details).
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would likely indicate materials originating from that location. Based on the available
data, **°Pu/"*’Pu ratios that are significantly elevated above global fallout with deposition
ages later than ~1986 can be identified as being derived from Chernobyl, although the
levels are likely to be insignificant compared to plutonium from other sources.

The 2"Np/*°Pu ratios measured in samples collected from Semipalitinsk range
from 0.002 to 0.274. Due to the similar value measured in soils contaminated by the
1957 Kyshtym accident, this ratio is limited in its ability to distinguish between
contamination originating these sources. All of the values measured at either
Semipalitinsk or Mayak however, are significantly below the global fallout value. Thus,
it does have some utility in resolving global fallout from non-fallout sources. The low
2"Np/Pu ratio estimated for Chernobyl indicates that compared to plutonium, levels of
neptunium present in the Ob watershed as a result of the accident will be substantially
lower and likely below detection.

Data documenting the *’Cs/**Pu is not available for samples collected from
Mayak. Samples collected at Semipalitinsk exhibit fairly uniform *’Cs/**°Pu values that
are significantly lower than the average global fallout value. All the data documenting
137Cs/**°Pu ratios in material derived from Chernobyl indicate that it should be higher
than the global fallout average of 0.451. Thus, whatever the relationship between the
refractory and volatile nuclides is in the material that reached the Ob watershed, the
137Cs/**Pu ratio should be useful in identifying material from this source.

Due to the conspicuous lack of data documenting material originating from

Tomsk-7, the assumption is made that the isotopic composition in materials collected at
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Mayak will be similar to those originating from Tomsk-7. While it is expected that
240py29py ratios will be low and easily distinguishable from global fallout, it is difficult
to say with any certainty how much they will resemble materials from Mayak. It is
important to note that based on the different programs underway at both facilities and the
different types of reactors, the isotopic composition of materials originating from Tomsk-
7 could be different from those at Mayak. The isotopic ratios measured in sediment cores
collected in the Ob River above its confluence with the Irtysh River are the only values

available thus far that document contamination originating from Tomsk-7.
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Chapter 3

Characteristics of the Ob River system

Drainage Basin

The Ob River drainage basin is located in Western Siberia. The Ural Mountains,
the Putorana Plateau, and the Sayan Mountains to the west, east, and south, respectively
comprise its borders. During the Pleistocene glaciation, the upper (southern) portion was
most likely flooded by Lake Mansi, the largest of the ice-dammed lakes, while the lower
(northern) portion of the drainage basin was primarily stripped of sediment (Grosswald
and Hughes 1995). The scoured lower portions of the basin were the precursor of the
present day Ob’s massive flood plain. During the Holocene, these areas began trapping
large amounts of sediments. At present, these areas, consisting of low-lying forests and
swamps, continue to act as excellent sediment traps, limiting delivery of sediment to the '

Arctic Ocean (Bobrovitskaya, Walling et al. 1996; Meade, Bobrovitskaya et al. 2000).

Hydrologic Regime and Sedimentation

The annual discharge cycle of the Ob exhibits a low, rather stable flow from
November to April and a flood stage during the spring and summer months, which
generally peaks during the months of June and July. This is illustrated in Figure 3:1,
which shows mean monthly water and sediment discharge data from the Salekhard

station (66° 32’ N x 66° 40’ E) for the years 1960 to 1987. These data are typical of the

cyclic nature of the system and demonstrate that nearly 90 percent of the water and
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sediment delivery occurs during the spring and summer months. It has been shown by
Panteleyev (1995) that the “sor” and o;(bow lakes, a common feature on the flood plains
of the Ob, have the potential to record this annual cycle of sediment deposition, with
sediment accumulation rates being related to the flood conditions during any given year.
Average sediment accumulation rates between 0.2 and 0.4 cm yr'' have been estimated
for the lower Ob River, while rates between 1 and 3 cm yr" have been estimated in the
mid and upper reaches of the river (Panteleyev 1995; Sayles, Livingston et al. 1997;
Kenna and Sayles 2001). Sediments have been characterized as having a structure that is

comprised of sheets of sandy loam, loam, sand clays, and peat of varying thickness

(Makeyev and Bolshiyanov 1988).

Ice Formation

Ice covers the region during the winter months, usually from November through
May. Values reported by Ivanov et al. (1995; Kenna and Sayles 2001) for ice thickness
are between 100 and 150 cm in the Ob delta and between 90 and 230 cm further north in
the freshwater portion of the Ob estuary. With regard to lakes located on the flood plain,
ice may be an important factor in the preservation of sediment records, as average lake
depth is between 2 and 3 m (Makeyev and Bolshiyanov 1988; Panteleyev 1995). In
situations where ice thickness exceeds water depth, ice will incorporate bottom
sediments. During the spring break-up, both ice and sediment layers may be carried

away. This is potentially important with respect to the preservation of sedimentary
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records in flood plain lakes (i.e. incomplete radionuclide inventories) and as a mechanism

of sediment transport.

Marine/Freshwater Boundary

The extent of saltwater intrusion into the Ob estuary is dependent on the water
discharge in any given year. Freshwater fills most of the Ob and Taz estuaries during the
summer months and may extend into the Kara Sea. The deepest penetration of saltwater
occurs during the winter and early spring, however even after a series of low water years,
seawater fails to penetrate south of Cape Kamenny (see Figure 3:2)((Ivanov, Medkova et

al. 1995).

Water and suspended sediment discharge

The elements of interest originating from different sources within the Ob
watershed are transported in association with river particulate material. This makes the
relative inputs of suspended sediments from each tributary important when assessing
levels of contamination originating from each of the suspected sources.

Water and suspended sediment data allow the assessment of sediment
transport/storage between gauging stations located on the Ob and its main tributaries, the
Irtysh and Tobol Rivers (Figure 3:2) (Bobrovitskaya, Walling et al. 1996; Bobrovitskaya,
Skakalsky et al. 1997; Meade, Bobrovitskaya et al. 2000). Below is a summary of the
available water and suspended sediment discharge data. This information has been

discussed in greater detail by previous researchers (Bobrovitskaya, Zubkova et al. 1996;
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Bobrovitskaya, Skakalsky et al. 1997). Discharge data consist of mean monthly water
and suspended sediment discharge records. At most of the gauging stations data were
collected between 1960 and 1987 or 1988, with the largest exception being Khanty-
Mansiysk (Irtysh River, just above its confluence with the Ob River), where data were
collected from 1977 to 1988 only. At all stations, mean monthly water discharge data
were available for the entire period of data collection. In most cases, mean monthly
suspended sediment records are not complete (i.e. mean monthly sediment discharge data

are missing for the entire year or for selected months, usually November to March).

In order to compare records from different stations through the entire period
(1960-1987), mean suspended sediment discharge data were estimated where actual data
are missing. For each station, the relationship between the water and suspended sediment
discharge was examined on a monthly basis where both water and suspended sediment
data were available, (e.g. all complete records for January at Tobolsk(Irtysh River just
below its confluence with the Tobol River)). The relationship between water discharge
and suspended sediment discharge commonly used is the power function szaQ”
(Syvitski, Pratson et al. 1999).

Where Q = flow rate in cubic meters per second

Q,= sediment flux in kilograms per second
a = tunable parameter
b = tunable parameter.
The relationship between water and suspended sediment discharge data available for the

Ob River and its major tributaries is scattered. A comparison of fits between the power

function model and linear regression revealed no difference, with respect to goodness of
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Ob River Map with Hydrographic Stations
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Figure 3:2. Map of Ob River region with hydrographic stations and potential sources of
weapons related contamination. Filled circles within circles are nuclear weapons related
facilities, stars within circles are weapons test sites. Plain filled circles mark
hydrographic stations, and open circles are locations where water and sediment discharge

has been estimated (Bobrovitskaya, Zubkova et al. 1996; Bobrovitskaya, Skakalsky et al.
1997).
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fit. As aresult, the linear model was used to estimate suspended sediment discharge
values where actual data were unavailable.

Completing the record from 1960-1977 for Khanty-Mansiysk was more
complicated, as there is no discharge data for this time period. Therefore, the relationship
between available monthly water discharge data at Tobolsk and Khanty-Mansiysk was
examined, which proved to be clearly linear. Based on this relationship, mean monthly
water discharge was estimated at Khanty-Mansiysk for the time period in question.
Suspended sediment discharge records were then estimated as described above.

Data from hydrographic stations were grouped according to location: stations
located on the Irtysh River and its tributaries, the Ob River above its confluence with the
Irtysh, and the lower reaches of the Ob River from Belogorye. For each station, mean
annual discharge estimates (+ 1 6) were calculated. In cases where data were available
for two branches of a 3-way confluence (e.g. Ob/Irtysh and Iset/Tobol), annual discharge
estimates were computed by the difference between the two known values. Results from

these calculations are presented in Table 3:1 and the figures below.
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Table 3:1 Mean annual water and suspended sediment discharge at various locations along the Ob
River and its tributaries (Bobrovitskaya, Skakalsky et al. 1997)

Station River Suspended sediment Water

t yr'1 1o km?® yr'1 1o
Isetskoye 1960 to 1988 Iset 6.40E+04 8.49E+03 2.12 0.19
Upper Tobol* - Tobol 3.91E+04 6.44E+03 1.29 0.17
Yalutorovsk 1960 to 1988 Tobol 1.03E+05 5.72E+03 3.41 0.33
Omsk 1960 to 1988 itysh 2.82E+06 1.86E+05 26.12 0.83
Tobolsk 1960 to 1988 Irtysh 7.99E+06 5.06E+05 65.96 3.14
Khanty-Mansiysk** 1974 to 1988 Irtysh 1.70E+07 1.23E+06 85.82 3.51
Barnaul 1960 to 1987 Ob 7.31E+06 5.05E+05 47.32 1.65
Kamen-na-Ob 1963 to 1987 Ob 1.09E+07 1.28E+06 49.82 1.68
Kolpashevo 1960 to 1987 Ob 1.28E+07 6.40E+05 117.77 3.76
Prokhorkino 1960 to 1987 Ob 1.13E+07 8.74E+05 161.63 5.16
Upper Ob* - Ob 1.12E+07 1.17E+06 . 238.18 6.59
Belogorye 1960 to 1987 Ob 2.83E+07 1.53E+06 324.42 9.16
Salekhard 1960 to 1987 Ob 1.49E+07 1.11E+06 413.73 12.80

* This value is estimated.
** This value is a combination of collected data from 1976 to 1988 and estimated values from
1960 to 1975.

Irtysh River

A summary of hydrographic data collected at stations along the Irtysh River is
shown in Figure 3:3. Both water and suspended sediment discharge increase at
downstream stations. The increase in suspended sediment is attributed to intensive bank
erosion processes in this reach of the river (Rossomakhin 1963; Hendelman 1994;
Bobrovitskaya, Zubkova et al. 1996).
No suspended sediment data was available for the Iset River. As an upper limit, one
could assume that the entire sediment load observed at Yalutorovsk (Tobol River above

its confluence with the Irtysh River) originates from the Iset River. Since both rivers
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make a contribution to the suspended sediment load at Yalutorovsk, suspended sediment
values for the Iset River were estimated as follows. Using the coefficients from linear
regressions of suspended sediment on water discharge, the relative fractions of annual
water discharge observed at Isetskoye and calculated by difference for the Tobol River
above its confluence with the Iset River were multiplied by the mean annual suspended
sediment discharge observed at Yalutorovsk. Results suggest that suspended sediment
contributions from the Iset River and the Tobol River above its confluence with the Iset
River are comparable and quite small overall, when compared to the observed sediment
discharge at Tobolsk (Table 3:1).

The combined suspended sediment loads of both the Tobol and Irtysh Rivers are
represented by the mean annual suspended sediment discharge at the Tobolsk gauging
station. There is a large difference between sediment discharge at Yalutorovsk and Omsk
(i.e. the mean annual suspended sediment at Yalutorovsk and Omsk are ~1.5 and ~37
percent of the suspended sediment load observed at Tobolsk, respectively). This
difference combined with a significantly longer distance between station and confluence
(i.e. more bank erosion) and input from the Isim River (located below Omsk) suggests
that the suspended sediment load originating from Irtysh River is significantly greater and
dominates the suspended sediment load at Tobolsk. From Tobolsk to Khanty-Mansiysk,

the suspended sediment load doubles, further illustrating the effects of bank erosion.
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Figure 3:3. Mean annual water and sediment discharge for locations along the Iset, Tobol
and Irtysh River above its confluence with the Ob River. * Indicates estimated values
(see text for details).
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The upper Ob River

Hydrographic data collected from stations along the Ob River above its
confluence with the Irtysh River are shown in Figure 3:4. Mean annual water discharge
increases at down stream stations. The similarity between water discharge at Barnaul and
Kamen-na-Ob is most likely a result of their close proximity to each other. The
relationship between water discharge and suspended sediment is more complicated than
that observed in the Irtysh River. A dam completed in 1957 at Novosibirsk is the most
likely explanation (see Figure 3:2). It has been estimated that the resulting reservoir has
the capacity to retain as much as 90 percent of the incoming sediment load (Brune, 1953,
Avakyan, 1988). Between the period 1961 and 1964 an estimated 70 percent of the
sediment load was retained (Bobrovitskaya et al., 1996). This is demonstrated by the
small change in suspended sediment load relative to water discharge betweeq Kamen-na-
Ob and Kolpashevo. The decrease in suspended sediment discharge between Kolpashevo
and Prokhorkino has been attributed to prolonged adjustment to the dam at Novosibirsk
and storage on the flood plains between the two stations (Bobrovitskaya, Zubkova et al.
1996; Meade, Bobrovitskaya et al. 2000). Estimates at the Ob River above its confluence
with the Irtysh River indicate that water discharge continues to increase while suspended
sediment remains the same or slightly decreases, further supporting the idea that sediment

is being stored along this reach of the river.
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Ob/Irtysh confluence and Ob delta

Hydrographic data collected at Belogorye and Salekhard along with data and
estimates from Khanty-Mansiysk and the Upper Ob are shown in Figure 3:5. These data
suggest that the Ob River above its confluence with the Irtysh River contributes
significantly more water than the Irtysh River but substantially less sediment to the lower
reaches of the Ob. Between Belogorye and Salekhard, water discharge increases while
sediment discharge decreases by ~ 50 percent. This loss of material between stations
indicates sediment storage on the Ob’s massive floodplain (Bobrovitskaya, Zubkova et al.

1996; Meade, Bobrovitskaya et al. 2000).

With regard to the Ob/Irtysh confluence, data based on mean annual values
suggest that the Irtysh River dominated the suspended sediment load at Belogorye
between 1960 and 1987 (~60 percent Irtysh, ~40 percent upper Ob). Given the probable
effects of dam construction on the suspended sediment load contribution from the upper
Ob, an average for the period between 1960 and 1987 may not accurately reflect the
relative contributions from each river prior to 1957 or in each year during the period 1960
to 1987. Due to the fact that the levels of contamination reaching Belogorye and
subsequently the Ob delta will be directly affected by each river’s contribution through
time, a closer look at the annual water and sediment discharge records for Khanty-
Mansiysk and the Upper Ob is warranted. The annual water and sediment discharge
records are shown in Figure 3:6. Water discharge for both locations indicates that the
Upper Ob contributes significantly more water than the Irtysh River for each year of the

entire record. However, suspended sediment discharge is quite variable, while the Irtysh
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River has contributed more sediment overall and does so in most years, both rivers have
dominated the suspended sediment load at different times throughout the period.
Interestingly, the estimated values clearly indicate that the suspended load at Belogorye
was dominated by contributions from the Irtysh River from the early 1960s through the
early 1970s, which is consistent with the impact of damming the Ob River at
Novosibirsk. Between 1975 and 1988 the suspended sediment load at Belogorye was
dominated by both rivers in different years. Six years were clearly dominated by the
Irtysh River and four years were clearly dominated by the upper Ob, while the

contribution from each river was nearly equal for three of the years.

A very simple mass balance calculation can be used to set an upper limit on the
suspended sediment load contributions originating from the Techa River, the Irtysh River
above Omsk, and the Tom River that pass Salekhard each year through the period 1960 to
1987. The mean suspended sediment discharge of the Techa River has been estimated at
~3 x 10* t/year’, while those for the Tom River range between 3.5 and 6.6 x 10° vyear™
(Trapeznikov, Pozolotina et al. 1993; Bobrovitskaya 1994). Since no suspended
sediment discharge estimates are available closer to Semipalitinsk, the annual totals
observed at Omsk are used. Using suspended sediment data from downstream stations,
discharges from these tributaries can be adjusted accordingly. Dilution is indicated where
suspended sediment increases between up and downstream stations, suggesting input of
sediments by bank erosion (e.g. Yalutorovsk /Tobolsk / Khanty-Mansiesk and
Omsk/Tobolsk/ Khanty-Mansiesk). Loss is indicated where suspended, sediment

decreases between up and downstream stations, suggesting storage of sediments (e.g.
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79




Belogorye/Salekhard and Kolpashevo/Prokorkino). These estimates are summarized in
Figure 3:7. What is readily apparent from these data is that sediments originating from
the Techa River constitute a substantially smaller fraction of the total load passing
Salekhard than sediments from either the Tom or Irtysh Rivers. The average sediment
contribution from the Techa River is estimated to be ~0.07 percent of the sediment load
at Salekhard, while the average annual contributions from Irtysh and Tom Rivers are
nearly equal at ~ 6 percent. It is also clear from Figure 3.7 that neither the Tom nor the
Irtysh River consistently dominates with respect to sediment contributions.

It is important to note that the contributions estimated above by mass balance
represent an upper limit of the actual contributions. This due to the fact that they do not
take into consideration the effects of inter-annual variability (in the case of the Techa and
Tom Rivers) and sediment exchange during transit. They do serve, however, as a
measure of relative sediment contributions with regard to the known contaminant sources
in the Ob watershed. Based on the interpretation of the hydrologic data presented above,
suspended sediment contributions from tributaries draining the regions containing
Semipalitinsk and Tomsk-7 will be similar, while suspended sediment contributions from
the tributary draining the region containing Mayak will be more than an order of
magnitude less. Depending on the contamination level of suspended sediments in each
river, contaminant contributions could be quite different from suspended load
contributions. As an example, in order for contaminant contributions to be comparable at
Salekhard, the level of contamination in sediments exiting the Techa River would have to

be 2-3 orders of magnitude higher than contaminant levels in sediments exiting the Tom
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River or passing Omsk. Plutonium concentrations (*°**pu) reported by Oughton et al.
(2000) in the Techa River below the dam at Asanov range from ~2700 Bq gm’’, observed
7 km below the dam, to between 2 and 17 Bq gm™ at Zatechinkoye (230 km from the
dam at Asanov and just above the Techa/Iset confluence). Data reported at each
sampling site by these authors consist of measurements made on surface sediments (0-2
cm) and one additional measurement at some depth below the surface, making it difficult
to obtain an accurate estimate of the concentration range over the last fifty years. Using
the 2*°Pu/*°Pu ratio provided, the 239.290py, concentration (~17 Bq gm™) of the deeper
sample (26-28 cm) collected at Zatechinkoye converts t0>**Pu concentration of ~3€9
atoms gm™'. This concentration multiplied by the estimated fractional contribution of
Techa River sediment present at Salekhard (~0.01) yields as an upper limit, a opy’
concentration of ~3e7 atoms gm™', which is well within the ICP-MS detection limits.
Based on this calculation and depending on the accuracy of the estimated contributions,

contamination originating from Mayak could be present at detectable levels.
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Chapter 4

Sampling, Analytical Methods, and Data

Sample Collection

One of the overriding factors central to the research objectives of this study is the
collection of undisturbed sedimentary records from the Ob River region. As noted above,
the annual water discharge in the Ob River is characterized as low flow during the winter,
flooding during the spring and summer with a peak in June, and a gradual decrease
during the fall (Bobrovitskaya, Zubkova et al. 1996). The suspended sediment transport
cycle is quite similar to the water discharge cycle, but with the transport more
concentrated in the summer months. The high-energy and heavy bank erosion associated
with peak flow plus dredging operations for navigation purposes create an unstable
depositional environment, which makes the main river unsuitable for the collection of
undisturbed sediments. Panteleyev (1995) showed that a more suitable depositional
environment occurs in small lakes located on the flood plain of the main river channel.
While these lakes do not receive sedimentary material from the river throughout the year,
they do accumulate substantial amounts of sediment during the period of maximum
sediment transport. Approximately 90 percent of sediment transport occurs during the
months of peak discharge, May through July (Bobrovitskaya, Zubkova et al. 1996). Thus
while some material is “missing”, the sediment deposits in the lakes should sample a

large fraction of the suspended material transported annually.
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During the summer months of 1994 and 1995, more than 30 sediment cores were
collected from sites in the Ob River region (Figure 4:1). The focus of sampling during
the 1994 season was the Ob Delta as well as the Ob and Taz Estuaries. Studies in the
1995 field season were focused on sampling the Ob River and its major tributaries, the
Irtysh and Tobol Rivers. Sampling included the collection of replicate cores at each
location, one of which was sectioned at 1-cm intervals in the field for later analysis. The
logistics of sampling flood plain lakes required the construction of a specially designed
vessel that would permit access to sites through shallow channels and collection of
sediment cores; the methods applied are covered in detail elsewhere (Panteleyev 1995;
Sayles, Livingston et al. 1997).

In order to identify the sources of contamination to the region, sediment cores
were collected from tributaries that drained areas containing known or suspected sources
of contamination as well as a “control” from the Taz estuary, a region that was thought to
be contaminated only by fallout. An additional criterion used to select sample sites was
water depth. As discussed previously, Ivanov et al. (1995) estimates the ice thickness in
the freshwater part of the Ob Delta between 90 and 230 cm. In order to avoid sediments
disturbed by ice, sediment cores were collected where water depths exceeded the upper
limit of ice thickness estimates. The exception to this is OB94-07, which has a water
depth within the estimated range of ice thickness although the contaminant record
obtained from this core provides strong evidence that post-deposition mixing is minimal
or absent (see discussion next chapter). The locations of the selected sample sites, core

descriptions, and the potential source(s) of contamination are listed in Table 4:1.
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Sample Analyses

Following the approach of Panteleyev (1995) and Sayles, Livingston et al. (1997),
the sample analysis scheme entailed screening of cores based on *’Cs activity in un-dried
core sections by gamma spectrometry in order to assess core quality and sample
processing priority. On cores selected for further analyses, water content was determined
by the difference in weight before and after drying at 65°C for 2 days. Drying
temperature was limited by the melting point of the sample jars. An additional water loss
of ~2 percent was determined at 105°C; however, no additional correction was made.
Wet bulk density was calculated using a grain density of 2.5 g/cm®. After drying, each
core section was ground, homogenized, and sealed for at least two weeks in order to
establish radioactive decay equilibrium between **°Ra and its daughters, 2'*Pb and 2'*Bi.
The concentrations of 1 7Cs, 2|OPb, me, and 2'*Bi were then determined by gamma
spectrometry using calibrated high-resolution, low energy Ge detectors. Detector
efficiency calibration, sample geometry and self-absorption corrections are covered in

detail elsewhere (Sayles, Livingston et al., 1997).

| After non-destructive gamma spectrometry was completed, 2 to10 gram sub-
samples from core sections were prepared for Pu and Np isotopic analysis, using a total
digestion procedure, which is summarized in Figure 4:2a and b and described below. The
sub-samples were weighed and combusted at 550 °C for 24 hours to decompose any
organic matter that was present. Next, they underwent the following series of acid
digestions: an HF/aqua regia mixture, concentrated HCI and 30% H,0,, and concentrated

HNO;. Solutions were brought to dryness between each of the three digestions. In order
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to remove some of the solublized matrix material prior to ion exchange, nuclides were
co-precipitated with LaOH. This involved dissolving dried residues in 3N HNO; and
adding NH,-OH HCI, which was necessary to ensure Pu and Np reduction to (III) and
(IV), respectively. Following the addition of La(NOs); as a carrier, nuclides were co-
precipitated with LaOH and other hydroxides formed by the addition of concentrated
NH,OH. After cooling, the resulting precipitates were centrifuged and the supernate
removed. The precipitates were rinsed and re-centrifuged three additional times with
deionized water. The final precipitates were dissolved in concentrated HNO; and taken to
dryness. Ion exchange methods are based on those developed by Maxwell (1997). Load
solutions for ion exchange columns were prepared by dissolving precipitate residues in
0.5 N AINO;: 3N HNO;. In order for Pu and Np to remain together during ion exchange,
both elements must be in a (IV) valence state. This was achieved by first reducing the
nuclides with 0.1N FeSOy, yielding Pu(IIl) and Np(IV). NaNO, of 0.2N was then used to
oxidize Pu(IlI) to Pu(IV). At 70°C, NaNO, oxidizes Np(IV) to Np(V); at room
temperature, however, the effect on Np(IV) is minimal (Maxwell 1997). Load solutions
were centrifuged to remove any particulate material that would interfere with flow
through ion exchange resin columns. Pu and Np were isolated from the load solutions
and purified on TEVA® ion exchange resin columns as an actinide-nitrate complex. In
order to obtain adequate separation from uranium, three separate column passes were
required. Elutions containing Pu and Np were brought to dryness after the final column
pass. In preparation for measurement, the purified samples were dissolved in a 10%

HNOs;: 0.02% HF mixture, sonicated and filtered through a 0.2-micron filter.
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Isotope Dilution and Yield Monitors

The concentrations and ratios of Pu and Np isotopes were determined by the
isotope dilution technique. A 222py; standard, traceable to Lawrence Livermore National
Laboratories was added to monitor Pu yields, and a 236Np standard, obtained from Los

Alamos National Laboratories, was used to monitor Np yields (nominal additions of 3 x

10° and 5 x 10® atoms, respectively). Homogenization between samples and spikes was
achieved by adding weighed spikes before the initial digestion step (i.e. HF/Aqua regia).
Just prior to analysis, an internal standard of > Am (nominally 1 x 10° atoms) was added
to analyte solutions in order to monitor mass spectrometer drift and instabilities.

Chemical recoveries for Pu and Np were typically 90 and 60 percent, respectively.

Instrumentation and Mass Spectrometer Analysis Method

The choice of MS-ICPMS over thermal ionization mass spectrometry (TIMS),
which can be characterized as having lower detection limits and higher precision, was
based primarily on cost effectiveness and instrument availability. Issues concerning
detection limits were circumvented by increasing sample size and optimizing chemical
recoveries. Concentrations and atom ratios of the isotopes of interest were quantified on
an ELEMENT (Finnigan-MAT, Bremen, Germany). The ELEMENT is a magnetic
sector inductively coupled plasma mass spectrometer (MS-ICPMS) equipped with a
single electron multiplier. All data acquisitions were carried out in low-resolution mode
(m/Am=300), and sample introduction to the mass spectrometer used a CETAC Micro-

concentric desolvating nebulizer (MCN 6000), and an ASX-100 auto-sampler. Prior to
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sample analyses, the ELEMENT was tuned using a 0.1ppb solution of 28 in 5 percent

HNO;. Table 4:2 lists an example of typical operating parameters. It is important to note

that these parameters were optimized each time the ELEMENT was started. Sensitivities

ranged between 5 and 10 x 108 cps/ppb 2*U.

Table 4:2 Example of instrumental operating conditions

Parameter/units Value
ELEMENT

Resolution Low (300)
Focus offset/% 0
Ua/Ub/% -0.348
Cool gas/l min-1 18
Aux gas/l min-1 1.1
Sample gas/I min-1 1.328
Additional 1 0
Rf plasma power/W 1261
Extraction/V -2000
Focus/V -856.4
X-Deflection/V 6.85
Y-Deflection/V -6.34
Shape/V 90.45
Rotation quadrupole 1/V -8.38
Rotation quadrupole 2/V 7.1
Focus quadrupole 1/V -0.92
Focus quadrupole 2/V 10.5
MATSUDA-Plate/V 0
SEM-Deflection -80
SEM-Deflection 2328.7
Guard electrode No
MCN-6000

Spray Chamber Heater/W 80
Desolvator Heater/W 160
Sweep Gas/l min-1 5.13
Nitrogen/| min-1 23

93




Weigh out 10 grams
previously dried,
ground, and
homogenized sediment

Combust at 550 °C lor Tianslerlo a 250
miNalgene®FEP
24 hours

SRRy centrifuge jar

Yie!d monitor addition
22py (3 x 10 atoms)
23%Np (5 x 10% atoms)

Add 2 x7.5ml30%
H,0,. Letreact
belween additions

Adg
50 m! Aqua Regia
50 mlconc. HF

Add 50 m!conc.

HNO,

Add 40 m| conc.
HCI after H,0,
additions

Add 10 miconc.
HCI

Take to Take to Take to
4 dryness al 1 dryness at dryness a!
-100 -100 °C -100 °C

Co-precipitation

AdS 90 mI 3N
HNO,

Add 10 m! La
camer

Bring 10 250 m!
with DI H,0

Add 8g NH,OH-HCI,
Let dissolve

Add 50 mlcone.

NH,OH

Heatat-100 Letreact Centrifuge at
°C for 1 hour, and cool 3000 rpm lor
et cool -2-3 hours 15 minutes

Bring to 250 mt
with DI H,0

Add 15 miconc.

Add 40m) 0.5N
HNO,

AI(NO3),:3N HNO,

After 31d finse ———n
Pouroft R at
supemate mn:ep:u 3 Centrifuge at Take to Heat at -100
tim esp #13000 pm lor dryness at °C lor 1 hour,
15 minutes -100 C Iet coot

Figure 4:2a Schematic outlining the combustion, acid digestion, and co-precipitation
techniques developed at WHOI for Pu and Np ICP-MS isotopic analyses.

94



Clean-up column

-

.25 m| 3N HNO,
Add 2.2 miol4.2 M NaNO,

—»2. Sample toad solution
Pufil)—PulIv) 3.10 + 25 m! 3N HNO,
Np remains at {IV) 4.2.5ml 9N HCI
5.15m! 8N HCI
Add 1.3 FeSO
gramstes 2 §.25m!0.02N HNO0.02N HF
Pu{v1),{V).0V)—Puftll) € 50 ml syringe body
Np(V)-Np (V) a
Yy >
Puf{lV}and Np(IV) retained
Transferto a Centrifuge at on1miTeva-Spec®Resin
e 50ml 3000 ipm for
csntrifuge tube t5 minutes
HNO,and HCI Save load
U,Th o waste solution for
possible Am
analysis
Purification column (repeat once) 1 mi Eichrom Pre-fiter
esi nto prevent extractant
bleed-through
1.7 micone. HNO, 1.25 mi 3N HNO,

©

Sample load sotution
10 + 25 ml 3N HNO,
2.5 ml 9N HCI
15 m1 8N HCI
25 mi0.02N HNO ;:0.02N HF

2.2mI 1N AHNO )y ——>
3.0.63 gramsFeSO
4.2ml14.2M NaNOJ

@ o oa W

35 ml syringe body

Coliectin a clean
50 mi centrifuge
tube

Puf{lV)and Np{IV} retained
on 1 miTeva-Spec®Resin

Pu and Np in stip sotution
lrom previous step

HNO,and HCI
o waste

1 mlEichrom Pre-filter Resin
to prevent extractantbleed-

. through
Sample loading
Intemal standard addition :COEMHs"g’ég ;‘;';"::
243Am (1 x 10° atomss) Bring :n .tml
Take to Pu and Np in strip solution
drynessat e b————from 27 pusification column
-70 ¢

Sonicate
for-1 »
hour

.2psyringe filter

-~ To ICP-MS

Figure 4.2b. Schematic outlining the ion exchange clean-up and purification and sample
loading techniques developed at WHOI for Pu and Np ICP-MS isotopic analyses.
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The peak-tops of the masses of 236Np, 237Np, B8y, 239Pu, 240py, 241py, 242Pu, and
5 Am were electrostatically scanned at 5% of the peak-width. Details concerning the
measurement method are listed in Table 4:3. The atom ratios 240Pu/239Pu, and *'Pu/*°Pu
were determined directly from the measurement while concentrations of 237Np, 29y,
20py, 2'py and Np/Pu isotope ratios were calculated as a function of the *’Np/=*Np,
239Pu/242Pu, and 24°Pu/242Pu, and 2'Pu/***Pu atom ratios. Due to typically low
concentrations in sediments, measurement precision was limited, primarily, by the total
number of ions detected. Precision was also limited by the ability to accurately measure
isotopic ratios with a single-collector system. For example, the precision to which **°Pu
concentration could be determined depended on a combination of the total counts
detected at mass 240 as well as the ability to accurately measure the 2*°Pu/***Pu isotope
ratio. Longer dwell times on the individual peak-tops increased precision by increasing
the total number of ions detected at each mass, while rapid scanning between peak-tops
increased precision by reducing variations in isotope ratios due to mass spectrometer drift
and nebulizer and plasma instabilities.

Measurements were optimized to obtain the best overall precision with respect to
these two sources of error. The values for seginent duration (i.e. the amount of time each
isotope is measured per spectra) are longer than those used by other researchers in cases
where ion intensities were not a limiting factor (0.5 s) (Rodushkin and Ruth 1997;
Rodushkin, Ruth et al. 1998). For each sample, 40 spectra of the above-mentioned

masses were collected. The system was rinsed for 12 minutes in a 10% HNO;: 0.02% HF
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mixture between samples. After rinsing and prior to the next sample measurement, this

dilute acid solution was measured and used as an acid blank.

Table 4:3. Data acquisition parameters for Pu/Np analysis

Parameter Value

Runs/Passes (Meas.) 40*1

Runs/Passes (Eval) 40*1

Magnet Mass 236.047

Mass Window/% 5

Samples per Peak 250

Search Window/% 60

Integration Window/% 5

Scan Type Escan

Detection Mode Counting

Integration Type Average

Isotope Settling  Sample Segment
Time (s) Time(s) Duration(s)

=8y 0.001 0.05 0.65

Z8Np 0.003 0.1 1.3

%7Np 0.001 0.1 1.3

2%y 0.001 0.1 1.3

#opy 0.001 0.1 1.3

2py 0.001 0.2 26

22py, 0.001 0.1 1.3

#®Am 0.001 0.1 1.3

Due to mass spectrometer instabilities and non-random errors introduced by 23.

tailing and the addition of sample spikes and internal standards with known amounts of

contaminants, corrections to the raw data were required before final concentrations and

isotopic ratios were calculated. As a result of nebulizer noise, torch flicker and other

system instabilities, the raw data for each of the isotopes and acid blanks were first

processed in Matlab, version 5 to remove outliers (single spectra) that were * 3 standard

deviations from the computed mean. This procedure was repeated 2 additional times, and
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typically resulted in the rejection of between zero and two data points. Following this,
each mass of interest was blank-corrected on the basis of the acid, which was run just
prior to each sample. Intensities at masses 237 and 239 were corrected for 25U tailing
(typically corrections were 5-10 cps). The size of this correction was dependent on the
measured intensities at these masses, and it was usually within 26 for both masses.
Additionally, mass 237 was corrected for known amounts of 2’Np present in the 236Np
spike, and mass 239 was corrected for known amounts of °Pu present in the 2*Am
internal standard (also within 26). Occasionally, un-spiked reagent blanks were run
along with sediment samples. Specific corrections based on these blanks were not made;
rather, they were used in a qualitative fashion to indicate evidence of cross contamination
and/or beaker-memory effects. Initially, 241py was not measured. However, as the
method developed, it became clear that it would be possible. In the case of **'Pu, count
rates are quite low (usually <10 cps), which makes the background and blank corrections
much more important than for the other isotopes. In order to make the necessary
corrections, sediment samples selected from cores that recovered sediments deposited
prior to the nuclear age were sub-sampled and spiked as normal samples. During data
processing, samples were blank corrected for both acid blank and sediment blank. Blank
corrections were usually on the order of 1 to 3 cps and were insignificant for all but **'Pu.
To rule out the possibility that >*' Am was causing an interference, blank sediments were
spiked with **Am prior to digestion and run as normal samples. In these samples, count
rates measured for 2**Am were no different from background levels, demonstrating

efficient removal of americium in the method.
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Isotope Ratio and Concentration Calculations and Uncertainty Estimates

After processing the raw data, isotopic ratios and concentrations (also a function
of an isotope ratio, i.e. isotope dilution) were calculated. Isotope ratios can be computed
from the processed data by two different methods. By averaging the intensity of each
isotope collected in all spectra, one can compute the ratio of the mean intensities.
Alternatively, one can compute a mean ratio by averaging the ratios obtained from each
spectrum. Table 4:4 shows an example calculation of the 240py/23%Py atom ratio by both
methods along with a comparison of uncertainty estimates based on Poisson counting
statistics vs. the application of the Central Limits Theorem (i.e. standard error). Strictly
speaking, the ratio of the means equals the mean of the ratios only under certain
conditions. However, the differences between the resulting isotope ratios in this study
are small and within overall uncertainty estimates of the two approaches (note: additional
significant figures are shown in order to illustrate the small difference between resulting
ratio values). As expected, uncertainty estimates based on the standard error are larger
that those based on Poisson counting statistics. Since standard error estimates are
generated from repeated sampling of the parent population (in this case 40) and also
include instrumental uncertainties, they are better estimates of the true uncertainty.
Isotope ratios and concentrations have uncertainties of 1 to 5 percent, with the exception
of 2*'Pu, which is usually around 10 to 15 percent (& 1 standard error) (Bevington and

Robinson 1992).
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Table 4:4. Example of 2*Puw/***Pu calculation and comparison of uncertainty estimates for
OB94-10A (15-16 cm)

Mean Total Error (cps) Standard
Isotope Intensity (cps)  Counts P.C.S Error (cps)
9%y 3076.278 159966 7.69 12.64
240py 497.3846 25864 3.09 472
240Pu/239pu
Ratio of the mean intensities 0.161684 0.001084 0.001672
Mean of the ratios 0.161754 0.001589

Laboratory Intercomparison Analyses

Ten sediment samples from the Ob Delta core (OB94-07b) were processed and
analyzed at both WHOI and the Environmental Measurements Laboratory and Pacific
Northwest National Laboratories (in collaboration with Tom Beasley and Jim Kelley),
hereafter referred to collectively as EML. Additionally, three standard sediments
available from the National Institute of Standards and Technology (SRM-4350B) and the
International Atomic Energy Agency (IAEA-135 and IAEA-384) were each analyzed on
two separate occasions. Samples processed at WHOI employ the method outlined above.
Samples processed at EML employ a different digestion and ion exchange method on 1g
sub-samples and are measured by thermal ionization mass spectrometry (TIMS)
(Beasley, Kelley et al. 1998). The EML method is similar to the method developed at
WHOL in that it includes total sediment digestion. Results provided by EML are

compared to those from WHOI in Figure 4:3
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For most samples, isotopic measurements made at WHOI and EML are not

significantly different. There are, however, a few instances where concentration values

are different for one or more isotopes between replicates (primarily *°Pu). In cases

where discrepancies were large, EML samples showed excess plutonium. It was initially

thought that these differences were induced by differences in sample size (i.e. 10g vs. 1g

for WHOI and EML, respectively), however data from replicate analyses (10g aliquots)

performed at WHOI revealed a similar pattern. The origins of these discrepancies appear

to be real (i.e. not analytical artifacts) and are discussed in more detail below.

Results of replicate analyses performed on reference materials are listed in Table

4:5aand b. Internal reproducibility is clearly demonstrated in Table 4:5a by the good

agreement of concentration values between replicate analyses (note: only a single 241py

measurement was made on IAEA-135).

Table 4:5a. Replicate radionuclide analyses by WHOI ICP-MS for standard reference sediments™.

Standard 2%py 240py ZNp 2py8
Material atoms/q dry sed. atoms/g dry sed atoms/qg dry sed. atoms/g dry sed.
IAEA-135 1.38e+11 £ 1.29e+9  2.86e+10 + 3.44e+8 7.73e+10 £ 1.26e4+9

IAEA-135 1.31e+11 £2.82e4+9 2.62e+10 + 7.62e+8 7.44e+10 £ 2.11e49 2.04e+9 + 1.13e+8
IAEA-384 1.15e+11 £ 6.41e+8 5.74e+9 x+ 3.82e+7 9.09e48 + 2.02e+7 4.54e+7 + 2.15e+6
|IAEA-384 1.13e+11 + 8.36e+8 5.68e49 + 4.70e+7 9.02e+8 + 2.07e+7 4.53e+7 + 2.46e+6
SRM-4350B 4.13e+8 + 3.11e+6 4.46e+7 + 5.36e+5 1.69e+7 + 6.25e+5 1.10e+6 + 9.08e+4
SRM-4350B 3.98e+8 + 6.27e46 4.57e+7 + 1.07e+6 1.79e+7 2 7.94e+5 9.18e+5 + 2.40e+45

AUncertainties for analyses made at WHOI represent 16 error
®24Pu has been corrected to the reference date of the standard (t,, = 14.4 y). IAEA-135 (1/1/1992), IAEA-354

(8/1/1996), and SRM-4350B (9/9/1981).
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The activities (Bq kg™) are given in Table 4:5b for each isotope as well as
239240py activity to allow comparison to the recommended or informational value
published (where data are available) for each of the standard sediments (Hoppes 1981;
Ballestra, Gastaud et al. 1993; Povinec and Pham 2000). In most cases (13 out of 15), the
activities were within the 95 percent confidence intervals reported for standard sediments,
indicating good external reproducibility as well. The *°?*°Pu activities for IAEA-384
replicates are uniformly high and outside of the 95 percent confidence interval. Due high
contaminant levels very small aliquots (~0.250 g) were required. In the case of IAEA-
384, the inhomogeneity ~10% in >1g samples, but has not been evaluated for smaller
samples (P. Povinec, personal communication). It is interesting that the sum of the
individual Z*Pu and **°Pu activities recommended by IAEA is also outside the 95 percent
confidence interval given for the 2°Pu,?*°Pu activity. This may suggest a systematic
difference between ***Pu,?**Pu determined by alpha and mass spectrometry.

In an effort to better understand the effects of sample size and to further evaluate
the quality of data provided by the WHOI method, replicate analyses were performed on
10g aliquots from 26 sediment samples (24 from OB94-10A and 2 from OB95-04).
These data are shown in Figures 4:5 and 4:6. Replicate analyses results are quite similar
to those from the WHOLEML intercomparison in that the majority of isotopic
measurements made on replicate samples are within the uncertainty (usually + 16) of the
measurements. Also similar to the WHOVEML intercomparison are a few measurements

revealing concentrations between replicates that are quite different.
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239%py (atom/g dry sediment)

95-04 (10-11) 95-04 (25-26)

Sample

2047 4 240P u
20+7 4

1047 1

240py; (atom/g dry sediment)

95-04 (10-11) 95-04 (25-26)
Sample

27Np (atom/g dry sediment)

,, [ ] 0]

95-04 (10-11) 95-04 (25-26)

Sample

Figure 4:5. Replicate radionuclide analyses by WHOI ICP-MS for 10g aliquots from

OB95-04. Error bars represent 16 error. Note *'Pu measurements were not replicated
on these samples.
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Of the 37 samples analyzed in duplicate, 18 samples demonstrated a 236
difference for one or more of the isotopes measured. The “*’Pu concentrations were
different between replicates by 30 in 16 samples, 9 of these 16 samples also had 20py
concentrations that were different by >3c. In these cases, both 23%py and **°Pu were
elevated in the same sample aliquot. The 2Np concentrations were different between
replicates by >3c in 6 samples, although their relationship to samples containing excess
plutonium was not consistent (i.e. the aliquot containing excess plutonium did not always
contain the excess >>’Np and a few replicates indicated excess 2Np with no change in
plutonium levels).

While no clear relationship could be discerned for samples with excess 2 Np,
samples that were different by 236 for both 23pu and **°Pu concentrations have common
characteristics. The plutonium isotopic concentrations measured between replicate
samples can be placed in one of three categories. 1) The concentrations of both 2%py and
2%py were the same at the 30 level. 2) The concentrations of both 240py and *Pu were
different by >3c one aliquot. 3) The %Py concentrations were different by >3, but the
290py concentrations were not. The third category is most likely part of the second given
the significantly lower 249py concentrations relative to >°Pu observed in non-fallout
contamination combined and the rigorous criteria used to define a different concentration

between replicates (i.e. 30).
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In an effort to explain the plutonium concentration differences between replicates
where both **Pu and 2°Pu were significantly different in one or the aliquots, the ratio of

the excess *°Pu to the excess 2°Pu was calculated as follows:

240Puex /239Puex = (240PU|-240P112) /(239Pu , _240Pu2) ( 4. 1)

Where Pu, is the sample aliquot containing the higher concentration of both 2°Pu
and 2*°Pu, and Pu, is the sample aliquot containing the lower concentrations. The ratios
of the excess 2*°Pu to the excess °Pu for the nine samples where the concentrations of
both isotopes were 3¢ different are shown in Figure 4:7. These data demonstrate that the
isotopic ratio of the excess (higher) plutonium of the first 5 samples (left to right) is
strikingly similar and consistent with input from material originating from Semipalitinsk
(Beasley, Kelley et al. 1998). The excess 2*°Pu/***Pu of the next two samples suggest a
mixture of global fallout and low ratio material from either Semipalitinsk or fuel
reprocessing facilities. The remaining samples have similar excess **°Pu/***Pu ratios that
fall well above the average global fallout ratio, suggesting a mixture between global
fallout and high ratio material. High ratio material is observed in both pre-moratorium
global fallout and in materials derived from Chernobyl. The proximity of both samples
to the surface (i.e. recently deposited) and the presence of elevated (above global fallout)
1¥7Cs/**%Pu ratios indicate that Chemobyl is the source These issues will be dealt with

more fully in the following chapters.
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The data presented for intercomparison and replicate analyses demonstrate that
the actinide separation and purification process developed at WHOI is robust and
provides high quality isotopic data. Further, the clearly similar nature of the plutonium
variations in replicate measurements made at both WHOI and EML suggests that samples
are not always homogeneous with respect to nuclear contaminants and may indicate the
presence of “hot particles”. Regarding the » "Np variations, there is no reason to suggest
that these differences are due to analytical artifacts as the majority of replicate analyses
were in good agreement. Rather, the different concentrations suggest that neptunium
varies independently from plutonium, which is supported by the variable **'Np in

samples collected at Semipalitinsk (Table 2:3).
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Chapter 5

Radionuclide distributions, sedimentation rates and core chronelogies

Radionuclide distributions

The radionuclide profiles measured in sediment cores exhibit many similar
features such as the first appearance of each artificial radionuclide at some depth. This is
followed by a rise in the concentrations to a maximum that is generally closer to the
depth of first appearance than it is to the surface. Above their respective maxima, the
concentration of each radionuclide generally decreases. Nearly all radionuclide profiles
however, exhibit additional concentration maxima above the main one. In several cases,
these maxima do not co-vary between the different radionuclide profiles obtained for a
particular (i.e. each) core, or for that matter, between profiles of the same radionuclide
measured in cores from different locations. The concentrations- and length scales do -
differ from core to core as a result of variations in the characteristics of the sediment,
sedimentation rate, and variations in the proportion of uncontaminated sediment. In
general, the profile variations measured in sediments collected for this study are
consistent with the pattern of global fallout deposition record (see Figure 2:3). The
bimodal atmospheric/fallout deposition maximum (i.e. 1958 and 1963) however, is not
resolved in all cores. Variable inputs from different local sources, which are
superimposed on the global fallout pattern are also clear.

Using concentration data alone to identify input from non-fallout sources is

difficult at best. This is due to the effects of variable dilution by uncontaminated
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sediments, lithologic factors such as mineral type and grain-size, and the inability to
differentiate the input of global fallout material from other sources on the basis of
concentration. The radionuclide concentration profiles are essential however, in that they
allow the extent of sediment mixing to be evaluated at each of the sampling sites. Mixing
of sediments due to disturbances caused by ice and other natural processes as well as
anthropogenic activities is possible; in fact, sediments collected from several locations
were ruled out for further analyses because mixing was evident. The preservation of the
global fallout signal in the cores selected for this study suggests that they are largely
undisturbed. The concentrations of 137Cs, 239Pu, 240Pu, 2‘”Pu, and 237Np measured in each
of the core sections analyzed are tabulated in Appendix I. The **'Pu profiles are
incomplete or entirely lacking for sediment cores collected from suspected non-fallout
source tributaries. Therefore, 281py measurements are excluded from the following

discussion. ThemCs, 239Pu, 240Pu, and 237Np profiles are summarized below.

137

The *'Cs profiles in cores from the Ob delta and Taz estuary exhibit many of the
common features discussed above (Figure 5:1a). Of special note are the different depths
of initial appearance, which is the deepest in OB94-10A (~60 cm), the concentration
scales (i.e. main maximum concentrations between 1.5 and 4.5 dpm g"), and the number
of small maxima located above the main maximum in each core. The profiles OB94-

07B, 10A, and 13 all show at least two maxima, while those of OB94-08 and 09 show
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only one, indiqating non-deposition of conganﬁnants, mixing, or perhaps a loss of surface
sediments.

The "*'Cs profiles in sediment cores from the upper reaches of the Ob, Irtysh and
Tobol Rivers in many respects are quite different with respect to each other as well as
those in the delta. The *'Cs profiles in OB95-04, 06, and 11 do not attain a zero
concentration at depth, which indicates that these cores probably did not recover
sediments deposited prior to the nuclear age. OB95-04, furthermore, exhibits multiple
maxima both large and small. The profile obtained from OB95-05 is similar is similar to
OB95-04 in that it also exhibits multiple peaks, differences between these two cores,
however, are evident. With the exception of the top two samples, the general
concentration decrease observed in many cores including OB95-04 (collected 20 km
downstream on the same branch of the river) does not occur. This suggests that OB95-05
may be missing the top portion of the sedimentary record. The *'Cs profiles from OB95-
10 and 11 (both collected in the Tobol River) and OB95-13 (collected in the Irtysh River)
show two maxima of similar concentration separated by ~20 cm. As in the delta, the
concentration of the main maximum is variable and ranges between 1 and 8 dpm g at

upstream sample sites.

115




0OB94-07B 0B94-08
5
5
10
’g 10 ;é; 15
£ £
a [=%
8 s 8
25
20
30¢
25 T T r 35 T T T
0.0 05 1.0 15 20 0 1 2 3 4
Activity (dpm/g) Activity (dpm/g)
0 0
0B94-09 , 0B94-10A
1
5
20
£ =3
s s
£ £ 30
L i
40
15 50
T T y T 60 T T : : r
0 1 2 3 4 5 0.0 05 1.0 1.5 20 25 30
Activity (dpm/g) Activity (dpm/g)
0
0B94-13
5
§
E
Q
<]
10
15 T r
0.0 05 1.0 1.5 20
Activity (dpm/g)

Figure 5:1a. Depth distributions of '*’Cs in sediment cores from the Ob delta and Taz

estuary. "*'Cs has been decay corrected to 1/1/1995. Error bars represent 1o error. See
Figure 4:1 for core locations.

116




Depth {cm)

Depth {cm)

Depth {cm)

. 0B95-04
10
15
20
25
30
35
40 T T
0.0 0.5 1.0 15 20
Activity (dpm/g)
0 am
0|8 OB95-06
20 %
oE
40
50
60
70
i
80 T T
0.0 05 1.0 15 2.0
Activity {(dpm/g)
0o
DO
-]
o] & OB95-11
g
20 8
a
30
40
50{ o—* o
oO
60
70
¥ T T
4 6 8 10

Activity (dpmvg)

Depth (cm)

Depth (cm)

Depth (cm)

20

2]
o4
0B95-05
10
Ho4
20
30
L]
o
©
40 o
104
ot
J
50 T r T
0.0 05 1.0 15
Activity (dpm/g)
0 L%
an
- 0B95-10
10 o
nn/ai -
20 8 -]
]
[~}
) L‘*}»
40 nn
n
]
n
504
3
0 1 2 3 4 5
Activity (dpmvg)
0
0B95-13
10
20 o
30
40
o
50 ;5‘
0 1 2 3 4
Activity (dpm/g)

Figure 5:1b. Depth distributions of '*’Cs in sediment cores from the upper reaches of the
Ob, Irtysh, and Tobol Rivers. 137Cs has been decay corrected to 1/1/1995. Error bars
represent 16 error. Broken line indicates where one or more core sections were not

analyzed. See Figure 4:1 for core locations.
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239Pu

The *°Pu distribution profiles obtained from cores that were collected in the Ob
delta and one from the Taz estuary exhibit patterns that are, to a large extent, similar to
their *'Cs profiles and are shown in Figure 5:2a. Subtle differences in the peak shapes
are apparent in OB94-10A, and 13, and a few large concentrations, usually limited to one
sample are also evident (OB94-10A, 07B, and 09). As replicate analyses have shown
(discussed previously and shown here as squares), plutonium is not always
homogeneously distributed within the sediments. Thus while some of the differences are

no doubt real (i.e. different '*’Cs/**°Pu ratios in non-fallout contaminants), differences

between the size of the samples analyzed by gamma (the entire core section) vs. ICP-MS
analysis (10g) combined with apparent sample heterogeneity may also contribute to the
observed profile differences.

The depth distributions of »*’Pu in cores from the upper reaches of the Ob, Irtysh
and Tobol Rivers are shown in Figure 5:2b. In all cases, the 2**Pu distribution profiles
exhibit differences from the corresponding '*’Cs profiles. The shape of the main
maximum in OB95-04 is quite different, and the **Pu concentrations observed in the
profile of OB95-06 are typically an order of magnitude or more lower than 2°Pu
concentrations observed in the other cores. Moreover, the 2°Pu profile shape in OB95-
06 does not resemble the global fallout pattern, suggesting additional problems besides a
non-zero concentration at depth. The profiles obtained from OB95-10 and OB95-13, in
addition to differences in the shape of the maxima observed at ~35 cm, exhibit no upper

*Pu maxima that corresponds to those observed in their respective '*’Cs profiles. The
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2Pu profile in OB95-10 is further complicated by peaks near the bottom of the profile
and a non-zero concentration at depth. The presence of high °Pu concentrations at this
depth in the sedimentary record is consistent with reports of early waste disposal

practices at Mayak.

240p,,

The depth distributions of ***Pu obtained from sediment cores collected in the Ob
delta and Taz estuary and those obtained from upstream locations are shown in Fi gure
5:3a and b, respectively. The *°Pu distribution profiles, in general, are quite similar to
the corresponding *°Pu profiles with regard to profile shape, although concentrations are
much lower. One clear difference between the **°Pu and ***Pu profiles is that a few of the
concentration differences observed for replicate samples are smaller, indicating that *’Pu
is enriched relative to >*°Pu in some samples. This suggests the presence of

contamination in that is non-fallout in origin.
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locations.
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The depth distributions of 237Np in sediment cores obtained from the Ob delta and
one from the Taz estuary are shown in Figure 5:4a. While the distribution profile in
OB94-13 is similar to its other radionuclide profiles, the %Np profiles measured in
OB94-07B and 10A, have several features that are not reflected in the othier radionuclide
profiles for these cores. The largest 237Np maximum in OB94-07B occurs closer to the
surface than the main maximum of the other radionuclide profiles. OB94-10A also
exhibits additional 237Np maxima towards the surface (in this case they are smaller than
the main fallout maximum). In both of these cores, 237Np varies independently from the
other radionuclides, (e.g. the 237Np maxima ~4 and ~25cm in OB94-07B and 10A,
respectively, have no corresponding '*’Cs, 2°Pu, or 2*°Pu concentration maxima at these
depths). This indicates a relative enrichment of 237Np in these samples, which makes
input from a non-fallout source likely.

In a similar fashion, the 237Np depth distributions measured in sediment cores
from the upper reaches of the Ob, Irtysh, and Tobol Rivers also show some differences
from the corresponding *’Cs, 2*°Pu, and %°Pu profiles (Figure 5:4b). Most notably, the
237Np profile in OB94-04 shows many large maxima with the main maximum being
closest to the surface. Furthermore, the 237Np profile observed in OB95-04 is quite
similar to one observed in OB94-07B. This profile similarity and the fact that the 237Np
concentration in OB95-04 is nearly twice that observed in OB94-07B (maximum peak
concentration), strongly suggests the source of this feature is located in the Ob above its

confluence with the Irtysh River (i.e. Tomsk-7).
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Sedimentation rates and core chronologies

The ability to relate contaminant records to global or local events as well as to
relate events between cores from different locations depends upon the ability to establish
accurate chronologies. The certainty to which the depth vs. age relationship could be
established varied between cores. Based on the discussion of the hydrologic regime in
the Ob River system (see Chapter 3), deposition of sediments is very likely episodic, and
any sedimentation rate thus only approximates the ideal steady state system. The age
models discussed below are based on a presumed internal consistency between S
and other radionuclides as well as the assumption of no significant fractionation of
plutonium and cesium. Based on the good internal agreement between two different
deposition age models, chronologies could be established with a high degree of certainty
in most cores. In a few cores however, establishing chronologies was more complicated.
This was a result of apparently missing surface layers, failure to penetrate the sediments
deep enough to recover material deposited prior to the nuclear age, and disturbed 1%,
profiles that were unsuitable for dating.

Core chronologies were established by using the 210pp, , activity method and by
using the known or expected appearance of radionuclide profile features that can be
associated with the timing of global fallout (i.e. initial appearance and maximum
deposition) and the Chernobyl accident. In this study, the second method is referred to as
the radionuclide horizon method. Both methods have been successfully applied to obtain
sediment deposition chronologies in a variety of marine and aquatic environments where

sediments rapidly accumulate (Goldberg 1963; Krishnaswami, Lal et al. 1971; Koide,
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Soutar et al. 1972; Edgington and Robbins 1975; Miller and Heit 1986). Based on the
good agreement between deposition ages estimated by both methods in the majority of
sediment cores analyzed for this study, the radionuclide horizon method alone was used
where variability in mexs activities precludes use for the reliable estimation of

deposition age.

Dating by the *"°Pb,; method

The use of the decay of *'°Pb, was the first choice as a means of establishing core
chronologies. Deposition ages established by the 2!°Pb,, method offer an independent
means of verifying those obtained using the radionuclide horizon method. Good
correlation between deposition ages estimated by both methods not only allows the use of
global fallout timing where *'°Pb,, profiles are unsuitable for dating, but it also indicates
the level to which the transport timing of non-fallout contamination can be determined.
This approach generally yielded internally consistent results for the Ob Delta cores
(Panteleyev 1995). Assuming decay equilibrium, the unsupported *'°Pb activity (*'°Pbys)
was determined by the difference between %'°Pb and 2'*Pb activities. As Panteleyev
(1995) observed, 2'*Pb measurements had slightly smaller uncertainties than >'*Bi
measurements and age estimates by 2'*Pb were generally more consistent with the timing
suggested by global fallout. 2'*Bi data are listed in Appendix I, however, 2"*Pb was used

to determine 2“}Pb,(s deposition ages.
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In order to obtain deposition ages from *'°Pb, it was assumed that input of
ZIOPb,(s and the sedimentation rate were both constant. Average sedimentation rates and
deposition ages were calculated using the following equations:

A, = Age™™" (5.1
Where A, equals the activity of 210ph, per unit dry weight of sample at depth z, Ay equals
the activity of *!°Pb, per unit dry weight at the surface (z = 0), A equals the decay
constant of *’°Pb (In(2)/22.26 yr.), and s equals the average sedimentation rate. From
equation 5.1 it also follows that the age (¢) of the sample (i.e. elapsed time since
deposition) can be calculated from the following equation:

t = 1/An(A/A,) 5.2)

If the initial activity of 2'°Pb, has remained constant through the time interval of
interest, and the core top is intact (i.e. it represents the date of collection), then ¢ may be
used to calculate a deposition age (Age,) using:

Agey = Collection date — t (5.3)

The extent to which the assumptions of constant initial activity and constant
sedimentation rate are both valid limit the accuracy of the sample age and sedimentation
rate estimates. Evaluation of core top integrity is important as it can result in a
systematic error with respect to the calculated deposition age. If the integrity of the core
top is suspect or the age estimates of the profile features used for dating by the
radionuclide horizon method are systematically too young, it is reasonable to calculate
deposition ages based on a date other than collection, if it is known with more certainty.

Based on hydrographic data (Chapter 3), it is clear that sedimentation rates in the Ob
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River are not constant on a monthly basis. The delivery of materials at regular intervals
during the annual flood however, reasonably approximates a constant sedimentation rate
for the time period of interest (i.e. the last 50 years.) with respect to the 22.26 year half-
life of *'°Pb.

The 2"’Pb,‘S profiles, model fits, correlation coefficients, and average
sedimentation rates (* 16 of the exponential coefficient) for Ob delta cores and the Taz
estuary are shown in Figure 5:5a. Although some departures from the assumptions made
are evident in all cores such as changes in slope, subsurface increases, and scatter, the
model fits were acceptable with a few exceptions. Excluding OB94-10A, which appears
to have a change in sedimentation rate at ~30 cm, resulting model fits for all cores from
the Ob delta and Taz estuary yielded r* values between 0.71 and 0.90. Average
sedimentation rates in the delta ranged between ~ 0.2 to 0.8 cm yr’', although the upper
portion of OB94-10A appears to be substantially higher at ~ 4 cm yr™, demonstrating the
variability of the depositional environment at this location.

The *'°Pb,, profiles for cores collected from the upper reaches of the Ob, Irtysh,
and Tobol Rivers are generally more scattered than in those of the delta cores (Figure
5:5b). Four of the six cores yielded reasonable model fits (r* between 0.52 and 0.91). The
model fit for OB95-06 yielded an 1° value of 0.16 and the '°Pb,; profile in OB95-11
exhibited no exponential trend. Sedimentation rates estimated for the upper Ob River and
its major tributaries are quite variable, ranging from ~0.5 to 1.5 cm yr™! for most cores.
The estimated sedimentation rate in OB95-06 is substantially higher (~6.0 cm yr''), and

the near-vertical trend observed in OB95-11 suggests that it too may be very high.
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Sedimentation rate estimates from both 210Pb,(S and the radionuclide horizon method

(below) will be compared at the end of the chapter.

Deposition ages by the radionuclide horizon method

The radionuclide horizon method typically uses the initial appearance and
maximum concentration in a *’Cs profile to represent the onset and maximum of global
fallout derived from atmospheric weapons tests (Jaakkola, Tolonen et al. 1983; Miller
and Heit 1986). Sedimentation rates are calculated between the assigned time horizons
and used to estimate the depth to age relationship. Using this approach in the Ob Delta
and Taz Estuary, Sayles et al. (1997) observed that independent 2'°Pb, age estimates
were consistent with known and expected features of *’Cs profiles. Deposition age
estimates for cores OB94-07 and OB94-13 and several other cores from the Ob Delta
have been previously published (Sayles, Livingston et al. 1997). In these cores, the
authors demonstrated a synchronicity between 210Pb,(S age estimates, and the main
features of '*’Cs and *?*°py profiles, which reflect global fallout deposition. The first
appearance and the maximum concentrations of '*’Cs and #*?*°Pu have mean szbxs
ages of 1953 £ 5y and 1966 + 4, respectively. Within the uncertainty of the 2'°Pb,, age
estimates, these data do not differ significantly from the timing of global fallout
deposition. With the availability of additional isotopic information, it became evident
that the '*’Cs maximum did not always represent the maximum in global fallout
deposition (discussed below). Additionally, several cores had multiple '*’Cs peaks, likely

due to the influence of local sources, making the selection of the global fallout peak by
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this method rather arbitrary (e.g. OB95-04 and 05). Due to these complications, a more
robust method of radionuclide horizon selection was developed, which allowed the
verification of proposed event horizons. In general, this method had little or no effect on
conclusions made by previous researchers, (Panteleyev 1995; Sayles, Livingston et al.
1997). To ensure consistency in this study however, all cores were treated in the same
manner, including those from the Ob delta and Taz estuary reported earlier in the
publications noted.

Chronologies established by the radionuclide horizon method are based on four
profile features. 1) The deepest core section with detectable levels of 2*°Pu was given an

age of 1950 (see below). 2) The core section containing the largest fraction of global

fallout plutonium was selected as the year of maximum global fallout (1963.5)
(procedure discussed below). 3) Chernobyl material (if present) was used to fix
deposition of this horizon to the time of the accident (1986.5). 4) In most cores, the

surface sediments were assumed intact, and the core collection date was used to date the

surface (1994.5 or 1995.5).

Initial appearance of weapons related contamination

The timing of the initial appearance of nuclear weapons related contamination is
usually associated with the onset of global fallout. The onset of global fallout deposition
is attributed to the Ivy Mike test, a 10.4 Mt surface explosion conducted on October 31,
1952 at Enwetak atoll, which deposited substantial amounts of material in the

troposphere and stratosphere (Machta, List et al. 1956). A review of activities at
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Semipalitinsk and *'°Pb, age estimates of the initial appearance of 2*?**°Pu in the GISP
ice core suggests that nuclear weapons related contamination was likely present in the Ob
region prior to 1952 (Koide, Goldberg et al. 1977; DOE 1982). The first atmospheric
weapon test at Semipalitinsk occurred in August 1949 and others followed in September
and October of 1951 (DOE, 1982). Based on this information, 1950 was selected to date
the first appearance of >**Pu and '*’Cs, with an estimated uncertainty of 1 to 2 years. |
Table 5:1 gives the depth of first appearance for both "*’Cs and ?*°Pu. In many cases,
where data are available, *°Pu appears deeper than ’Cs. This is most likely due to the
higher precision and lower detection limits of the ICP-MS method. Furthermore, *’Cs
has a half-life of 30.17 years, which means that any '*’Cs, initially deposited ~1950
would have decreased by nearly 75 percent by the time it was measured in this study.

With one exception, the core section containing the first appearance of **°Pu was
used to indicate the onset of fallout from weapons tests and given the date of 1950. The
deepest core section recovered by OB95-10 (Tobol River) was interesting in that it
contained elevated levels of plutonium with a **°Puw/***Pu 1sotopic composition (~0.016)
that indicated it was clearly not associated with the onset of fallout. However, based on
the reported activities at Mayak, weapons-grade plutonium would not be present in the
river prior to June 1948, which is within the uncertainty of the date attached to the initial
appearance of nuclear contaminants in the other cores.

Down core distribution profiles obtained from OB95-04, 06, and 11, presented
earlier in this chapter, indicate that the deepest samples recovered by these cores contain

240py and other radionuclide concentrations that are well above ICP-MS detection limits.
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Based on this, it was concluded that these cores did not recover sediments deposited prior
to the nuclear age, and the depth of the initial appearance of **°Pu could not be
determined.

In the remaining cores, the deposition ages of the core sections containing the
initial appearance were fixed at 1950 and compared to their corresponding deposition
ages estimated by the *'°Pb,, method. Table 5:1 lists the depths of the depths first
appearance (DFA) of both '*’Cs and 2°Pu. The 21%ppq age estimates correspond to the
first appearance of *°Pu. With a few exceptions, 2'°Pb,, deposition ages are in good

agreement with the assigned date of 1950.

Table 5:1. Selection of 1950 horizon for Ob River Sediment cores

CoreID 'Cs DFA Py DFA *%Pp,, Age Comments

- (cm) - (cm) - of *°Pu DFA

0B94-07B 215 MZB 23.5 DSAL 1949.4 + 6.0 -

0B94-08 30.0 MZB 32.0 DSAL 1948.9 + 6.3 -

0B94-09 13.5 DSAL 15.5 DSAL 1937.0+ 7.1 -

OB94-10A 595 DSAL 59.5 DSAL 1950.7 + 2.6 -

0B94-13 125 MZB 135 DSAL 19415+ 10.7 -

0B95-04 36.5* No DFA 36.5* - 19123+ 5.4 Record truncated
0B95-05 46.5 MZB 48.5 DSAL 1956.5 + 6.2 -

0OB95-06 77.5* No DFA 77.5* - 1982.1+ 3.5 Record truncated
OB95-10 53.5 MZB 54.5** DSAH 19411 1+7.5 -

0B95-11 72.5* No DFA 72.5* - - Record truncated
0B95-13 52.5 MZB 53.5 DSAL 1959.9 + 3.6 -

DFA - depth of first appearance

MZB - samples analyzed below this depth contained no *'Cs

DSAL - deepest core section analyzed, but concentrations were quite low

DSAH - deepest section analyzed, but concentrations were elevated

* For truncated records, %'Pbs ages, if available, and depths are given for the deepest section analyzed.

** This sample shows clear evidence of non-fallout contamination, but can still be dated at ~ 1950 (see text)
Note: uncertainties for 2'°Pby, ages are * 1 se based on the exponential coefficient from model fits.

Bold depth values indicate selected depth of first appearance (DFA).
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Global fallout maximum

In many of the sediment cores, the clearest features observed in '*’Cs and **°Pu
profiles are their concentration maxima. The decision to use **°Pu was made based (;n the
fact that it exhibits far smaller non-fallout contributions due to its very low abundance in
non-fallout contaminant releases. This makes ***Pu much less sensitive to local
contamination and much more strongly dominated by global fallout. In general, when
using the timing of global fallout to establish chronologies, the concentration maximum
is attributed to the maximum deposition of global fallout in mid-1963. The relationship
between the large numbers of atomic weapons tests conducted between 1961 and 1963
and the subsequent maximum in deposition of global fallout in mid-1963 has been clearly
demonstrated by worldwide monitoring programs (Larsen 1980).

In order to resolve the global fallout peak from other peaks due to non-fallout
contamination, the global fallout plutonium fraction was estimated based on a two-
component end member mixing-model. First, it is assumed that the majority of
plutonium observed in the Ob watershed can be characterized as mixture of global fallout
and materials from weapons production and testing facilities. Second, the plutonium
isotopic compositions of these sources are well characterized by their published isotopic
values (i.e. 2°Pu/**Pu of global fallout = 0.18 and the *°Pu/**Pu of non-fallout
contamination is substantially lower, between .016 and .04). A wealth of published
information indicates that both these assumptions are quite reasonable (see chapter 2).
The actual values of the fractions are dependent upon the true end member values. For

the intended purpose of identifying the maximum due to global fallout however, a non-
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fallout ***Pu/Pu ratio that is significantly lower than global fallout is all that is
required. For this exercise, the isotopic ratio used to represent global fallout is 0.18 and
non-fallout plutonium is represented by a *°Pw/Pu ratio of 0.03. Based on these
values, estimates of the relative contaminant contributions from each end-member are

made by using the following equations:

Rm = GFe(Rgp) + (1-GFp)(Rnp) (54.1)
Thus,

GFr = (Rm-Rnp)/(RGr-Rup) (5.4.2)
Where,

GFr = the global fallout fraction

Ry = the measured 2*°Pu/?*py isotopic ratio

Rnr = the 2°Pu/°Pu ratio of non-fallout plutonium, in this case (0.03)

Rgr = the ***Pu/**Pu ratio of global fallout (0.18)

Multiplying the calculated GF of each sample by the measured **°Py
concentration, allows the down-core profiles of the plutonium attributable to global
fallout to be estimated. Following this procedure, the down-core profiles of global fallout
240py concentrations were examined, and the core section with the maximum value was
selected as the peak of global fallout deposition (GFM) and assigned a date of 1963.5.
The results of these calculations for OB94-07B are shown in Fi gure 5:6. The top two
panels show the measured *°Pu, and both the estimated global fallout and non-fallout
concentrations. The bottom panels show the measured *’Cs concentration and the
measured '*’Cs/**°Pu atom ratio. From the estimates, it is clear that an increase in the

levels of non-fallout ***Pu and '*'Cs occurred above the GFM. Along with an increase in

non-fallout 240Pu, non-fallout **'Cs is also present between 13 and 15 cm (i.e. the
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presence of non-fallout >*°Pu alone would drive the resulting '*’Cs/***Pu ratio below
global fallout, not above it). The sample containing the '*’Cs concentration maximum,
exhibits ’Cs/**°Pu ratios that also fall well above the + 26 range calculated for average
global fallout, while the sample selected as the global fallout maximum falls within the +
26 range. The '*'Cs/**°Pu ratios further support the selection of 15.5 cm as the global
fallout maximum.

The selection of the GFM for all cores where it was recovered by the method
outlined above is summarized in Table 5:2. Based on the 1*’Cs/**°Pu ratios (see next
section), it was determined that OB95-06 and 11 did not recover the GFM. In the
remaining cores, the core sections containing the GFM were assigned the date of 1963.5
and compared to their corresponding deposition ages estimated by the ?°Pb,, method
where possible. In the case of OB95-05 and OB95-13, alternate age estimates were
calculated using the first appearance, dated at 1950, and the average sedimentation rate
calculated by *'°Pb,,. Both the alternate deposition age and the age based on the
collection date are shown for these two cores. As with the DFA, there are a few
exception, however, the majority of 2!°Pb,, deposition age estimates are in good agreement

with the assigned date of 1963.5.
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the dashed lines indicate the + 2 range calculated for average global fallout. See table
2:3 for details and Figure 4:1 for core locations.
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Table 5:2 Selection of 1963.5 horizon for Ob River Sediment cores

Core ID  Depth of GFM “Pbys Age Comments
(cm) -

0B94-07B 15.5 1966.0 + 3.8 -
0B94-08 16.0 1971.7 £ 3.1 -
0B94-09 9.5 1959.3 + 4.4 -
0OB94-10A 515 1960.7 £ 2.2 -
0B94-13 9.5 19572+ 7.5 -
0B95-04 28.5 19305+ 4.2 -
0B95-05 26.5 19722 £+ 3.7 -
0B95-05 26.5 19672+ 4.5 Alternate date*
0OB95-06 - - GFM not recovered
0B95-10 35.5 1960.0 + 4.9 -
0B95-11 - - GFM not recovered
0OB95-13 35.5 1971924 -

- 35.5 1962.0 + 2.7 Alternate date*

Note: uncertainties for * "Pbys ages are + 1 se based on the exponential coefficient from model fits.

* Alternate date — due to a large 21%p,s disturbance between surface and/or GFM and missing core top
resulted in both the FA and GFM being systematically too young. An alternate date was obtained by
selecting 1950 for the FA and calculating the GFM age using the 21%pp,s average sedimentation rate.

Chernobyl

The '¥'Cs enrichment due to material originating from the Chernobyl accident in
April 1986, if identifiable, may also be used to obtain a date of deposition. With regard
to contamination from the Chernobyl accident, a maximum in the B7Cs profile located
above the main fallout peak is observed in nearly all cores, in some cases, multiple
maxima are present. These maxima are weak or ambiguous in cores from the upper Ob
River, the delta, and the Taz estuary but especially pronounced in cores from the Tobol
and Irtysh Rivers (OB95-10 and OB95-13, respectively) (see Figure 5:1a and b).

Due to a number of possible non-fallout sources of 137Cs 1ocal to the Ob region,
the question of whether or not 137Cs enrichments derived from the Chernobyl accident are
also present must first be addressed before deposition age information can be obtained.

That the very large maxima in OB95-10 and OB95-13 correspond to a Chernobyl signal
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is supported by several observations. The first is the presence of measurable amounts of
13%Cs associated with the maximum in OB95-10 (Sayles, Kenna et al. 1998). The
relatively short half-life of '**Cs (t;, = 2.06 y) eliminates atmospheric testing as its
origin. Second, the fact that clear maxima are observed in sediments from different
tributaries (i.e. the Tobol and the Irtysh rivers) indicates an atmospheric origin rather than
input via a local source such as weapons facilities. Third, there are no reported events to
offer a reasonable alternative to a Chernobyl origin such as activities or accidents in the
Ob region during the 1970s or 1980s that would have resulted in the atmospheric delivery
of "*’Cs (and "*Cs in OB95-10) to the locations where it is observed.

In sediments from the Tobol and Irtysh Rivers (OB95-10, 13, and 06), Chernobyl
material can be identified by its characteristically high '*’Cs/**°Pu atom ratio relative to
global fallout. Figure 5:7a shows the '*’Cs/**°Pu atom ratio profiles from their respective
global fallout maxima to the surface for cores from the upper reaches of the Ob, the
Irtysh, and the Tobol Rivers. The profiles from both OB95-10 and 13 contain extremely
elevated '>’Cs/**°Pu ratios associated with the '*’Cs maxima located closest to the
surface. The event that caused the large 2'°Pb,, disturbance in OB95-13 does not appear
to have disturbed the '*'Cs/**®Pu profile. The '*’Cs/**°Pu ratios in OB95-06 and OB95-11
(limited as they are) also support a Chernobyl origin for their observed '*’Cs maxima
(¥Cs profile shown in OB95-11 as a reference). This is consistent with the 2!°Pb,,
proﬁies in both cores (i.e. near vertical trends) and the high sedimentation rates, relative
to other cores, calculated for OB95-06. Additionally, the estimated 2"’Pb,(S deposition age

for the deepest sample recovered by OB95-06 is ~1982, which rules out global fallout but
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Figure 5:7a. 137Cs/**°Pu profiles from sediment cores collected in the upper reaches of
the Ob, Irtysh, and Tobol Rivers from global fallout maximum (GFM) to surface. See
0OB95-04 for legend. 137Cs activity profile shown for OB95-11 as a reference. Gray
regions indicate areas where 210py, . is disturbed. '*’Cs has been decay corrected to
1/1/1995. Error bars represent 16 error. Broken line indicates where one or more core
sections were not analyzed. See Figure 4:1 for core locations.
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is consistent with the timing of the Chernoby] accident (see Table 5: 1).

With regards to refractory element depletions such as plutonium and neptunium in
Chernobyl material, the possible presence of **°Pu in OB95-10 and OB95-13 from either
Mayak or Semipalitinsk, respectively, introduces some uncertainty. First order estimates
of the refractory element depletions in Chernobyl material are possible however, if one
assumes that the measured isotopic compositions in the sample from OB95-10 containing
the maximum "’Cs/***Pu ratio resulted from a mixture of global fallout and Chernobyl
material only. Using equations similar to 5.4.1, the plutonium and cesium isotopic

composition can be described as follows:

20Pu/PPuy = GF(**Pu/*Pugr) + (1-GFp)(**Pu/*Pucyy) (5.5.1)
1Cs*Puy = GF("¥'Cs/*Pugr) + (1-GFe)("¥'Cs/**Pucyy) (5.5.2)
Where :

GFg = the global fallout fraction

2Pu/**Puy = measured **°Pu/**Pu ratio in OB95-10 (12 to 13 cm) = (0.183)
2P/ Pug = *Pu/*Pu in global fallout (both 0.166 and 0.18 were used)
2P Pucy = *°Pu/*Pu in Chernobyl material (0.4)

1¥7Cs/*Puys = measured "*’Cs/2*°Pu ratio in OB95-10 (12 to 13 cm) = (7.31)
1CsPugr = '*'Cs2*Pu in global fallout (0.451)

B7Cs"Pucy = '¥Cs/**°Pu ratio in Chernobyl material reaching the Ob region (?)

Based on a two-end-member system, the fractions of global fallout and Chernobyl

derived material must be the same in equations 5.5.1 and 5.5.2. Since there is little
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evidence or likelihood that plutonium isotopic fractionation occurred in material from
Chernobyl, The ratio of 0.4 measured in soils collected near the site of the accident is
assumed for 24OPu/mPu(;H (Muramatsu, Ruhm et al. 2000). Due to the possible presence
of plutonium derived from Mayak (i.e. 240pu/9Puy; < 0.18 for many of the samples with
elevated >’Cs/**°Pu ratios), the GF in equation 5.5.1 was solved for by using both 0.166
(-20 global fallout) and 0.18 to represent 299py/PPugr. This resulted in global fallout
fractions between 92 and 98 percent and Chernobyl fractions between 8 and 2 percent,
respectively. Using these fractions to solve equation 5.5.2 for 37Cs/*Pucy, results in
ratio values between 94 and 456. These calculations strongly suggest refractory element
depletions in material that was deposited in the Ob region as a result of the Chernobyl
accident. This is consistent with the refractory element depletions observed in Chernobyl
contamination deposited at locations in northern Europe and the Black Sea (Krey, Klusek
et al. 1986; Livingston, Buesseler et al. 1988; Buesseler and Livingston 2000).

If Chernobyl material in the Ob is depleted in refractory elements as the
calculations suggest, contamination from Chernobyl in some sense can be treated as only
137Cs. The observed ’Cs/?*°Pu ratio therefore, will be a function of the amount of
Chernobyl material present (i.e. 137Cs) and the amount of 2*°Pu present from other
sources. While a high 137Cs/**%Pu ratio is a good indicator of Chernobyl material, a Bcs
maximum that does not correspond to a high 137Cs/***Pu ratio does necessarily rulé out a
Chernobyl origin. It is possible that the presence of additional 299py from local sources

results in a lower *’Cs/**°Pu ratio.
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While there is good evidence to support its presence in cores from the Irtysh and
Tobol Rivers, Chernobyl material is not as obvious elsewhere in the region. Based on
down core concentration profiles, OB95-05 is likely missing part of its surface, which
would explain the lack of Chernobyl material in this core. In the case of OB95-04, two
B37Cs/*Py ratio maxima, of similar magnitude, are observed at ~7 cm and ~20 cm. The
lack of clear "*’Cs/**®Pu evidence to support the identification of Chernobyl materials in
OB95-04 is likely due in part to the presence of relatively larger fractions of non-fallout
240py,, Furthermore, the lack of acceptable 2'°Pb,(S age estimates in this core makes
selecting between the two possible '*’Cs/**°Pu maxima rather arbitrary.

Where the identification of Chernobyl derived material is uncertain due to weak
isotopic signatures or multiple maxima, its presence can be confirmed by a comparison of
the deposition ages of likely *’Cs features located above the GFM such as weak
137Cs/*Pu or '¥'Cs maxima. At this point in the core dating process, there are several
ways to estimate deposition age. In addition to deposition ages suggested by the ?'°Pb,
method, deposition age estimates can be obtained by calculating sedimentation rates
between the surface and both the depths of the FA and the GFM. These rates are listed in
Table 5:3. In OB95-04, it was only possible to estimate a deposition age based on the
sedimentation rate between the surface and the GFM. By this method the deposition age
of the '*’Cs/***Pu maximum at ~ 7 cm is 1988.2 versus 1972.-5 at ~ 20cm, which supports

a Chernoby] origin for the 7cm maximum and allows the rejection of the deeper

137Cs/**°Pu maximum.
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The '*’Cs/**°Pu atom ratio profiles from cores collected in the Ob delta and one in
the Taz estuary are shown in Figure 5:7b. In cases where 137Cs/*%Pu data is limited or
inconclusive, '*'Cs profiles are also shown. Chernobyl material is clearly present in
OB94-07B, which contains a clear '*’Cs/***Pu maximum at ~ 4 cm and deposition age
estimates based on FA and GFM ~1988. In OB94-08, '*'Cs/**’Pu data is limited,
however, the *’Cs maximum ~ 5 cm has deposition age estimates between ~ 1986 and
1988, which support its association with Chernobyl. Based on its down core
concentration profiles, OB94-09 is likely missing its surface record. OB94-10A contains
two '¥’Cs/**°Pu maxima. As a result of the change in sedimentation rate observed at ~ 30
cm, deposition ages based on the sedimentation rates between the surface and the DFA
and the GFM are less certain than in other cores. Although the ZIOPb,(s is scattered, the
estimated sedimentation rate is 4.1 + 1.7 cm yr'. Using the uncertainty as an upper and
lower limit for the sedimentation rate, an event that occurred 8 years before collection
(1994.5 — 1986.5) would be between 47 and 19 cm. This allows the association of the
137Cs/*Py at ~30 cm with Chernobyl and the rejection of the shallow single point
maximum ~ 4 cm as being more recent than the Chernobyl accident. There is no
indication of elevated '*’Cs/**Pu ratios in OB94-13, however, the B37Cs maximum at ~2
cm has deposition age estimates ~ 1989, which indicate that it is likely derived from
Chernobyl. The measured *’Pu/>’Pu ratio for this sample indicates that it is
contaminated by global fallout only. This rules out the possibility that non-fallout ***Pu

is driving the 137Cs/**pu ratio low. There is some evidence to suggest that the location in
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Figure 5:7b. "*'Cs/**°Pu profiles from sediment cores collected in the Ob delta and Taz
estuary from global fallout maximum (GFM) to surface. See OB94-07B for legend.

Cs activity profiles shown for OB94-08 and 13 as a reference. Gray region indicates
the zone of sedimentation rate transition in OB94-10A. '*’Cs has been decay corrected to
1/1/1995. Error bars represent 1o error. Broken line indicates where one or more core
sections were not analyzed. See Figure 4:1 for core locations
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the Taz estuary where this core was collected may be affected by periodic incursions of
seawater, which would explain the low 137Cs/**Pu ratios observed in this core. This is
discussed more thoroughly in the next chapter.

In cores where the input of Chernobyl material occurs as a single point maximum
it was assigned the deposition date of 1986.5. In cores where input occurs over several
core sections, the deepest core section, rather than the section containing the peak
maximum was assigned the deposition date of 1986.5. In this regard, the Chernobyl
maximum selected in OB94-10A is quite close to the sedimentation rate transition zone.
Thus, the estimated 2'°Pb, deposition age is somewhat dependent upon the depth
selected to begin using the higher rate. Based on the intersection of the two model fits,
30.5 cm was chosen as the transition depth (see Figure 5:5a).

The selection of the 1986.5 horizon in sediment cores is summarized in Table 5:3.
An examination of the deposition ages estimated for the features associated with
Chernobyl reveals a concurrence of deposition ages estimated by 2109pp_, and those based
on the depths of the GFM and FA. Only in one case (OB95-04) do the estimates differ

by more than a few years.
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Sedimentation rates

Table 5:4 summarizes the sedimentation rates and the dates of radionuclide
profile features that were obtained using the 219pp, . method where it was possible, and the
radionuclide horizon method. For the majority of cores dated by both methods, the
averages of the sedimentation rates calculated between radionuclide features agree with
those obtained by the 2IOPb,m method, which is an average rate for the entire core. This
demonstrates that the assumption of a constant sedimentation rate is a good
approximation of actual sedimentation in most cores.

Excluding the upper portion of OB94-10A, sedimentation rates in the Ob delta are
~0.6 cm yr', while those in the Taz estuary are ~0.25 cm yr'. Sedimentation rates in the
Ob above its confluence with the Irtysh range between 0.8 and 1.5 cm yr!, while those in
Irtysh and Tobol Rivers are much more variable, ranging between 0.8 and 7.6 cm yr.

To some degree variability is observed between selected time intervals in many of
the cores, which suggests that the radionuclide horizon method providesbmore accurate
deposition ages than the 210pp, . method in these instances. Sedimentation rates observed
in complete cores from the Irtysh and Tobol Rivers are similar for the same time intervals
and indicate a period of relatively lower sedimentation rate between 1963.5 and 1986.5.
The incomplete records of OB95-11 and OB95-06 (see Figure 4:1 for core locations)
indicate that sedimentation rates were significantly higher at these locations from 1986.5
to 1995.5. This suggests a larger variability in sedimentation rates between coring sites

in the Irtysh and Tobol Rivers and the other locations.
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The preservation of sharp profile variations reflecting local sources that are
superimposed on the global fallout deposition pattern indicate that the sediment cores
used in this study are not subject to significant amounts of mixing. Radionuclide profile
features that are missing in some cores but present in others from the same general
location (i.e. the delta and/or the upper reaches of the Ob River) suggest some uncertainty
as to their degree of disturbance and whether or not the core top is intact. The differences
between OB95-04 and OB95-05 are distinct (i.e. the general lack of low concentration
values in all profiles near the surface). In the delta éores however, the differences are less
clear. Sedimentation processes can vary considerably in the Ob region. It is entirely
possible that channels leading to the selected coring sites have opened and/or closed
during the past fifty years, and these sites may not have received regular input of
contaminated sediments. If this is the case, sediment cores lacking specific radionuclide
profile features may still yield reasonable 2!°Pb,, deposition ages

Processes such as non-deposition of any sediments and/or erosion during a
particular year are difficult to detect. However, the sharply varying nature observed in
the majority of profiles as well as the similarities between cores, suggests that the effects
of these processes are limited. In general, the distribution profiles indicate good quality
(and in some cases high resolution) records that document the history of nuclear weapons
related contamination at several points along the Ob River and its major tributaries as
well as the delta. It is also clear that concentration profiles can only be used to provide

qualitative indicators of the presence of non-fallout contaminants.
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Time scales

Time scales based on sedimentation rates will be attached to down core
contaminant records and discussed in the next chapter. Regarding time scale uncertainty,
there are two important factors. First, the relationship between the sampling interval and
sedimentation rate, to a large extent, controls the maximum time resolution that can be
expected. As an example, the sedimentation rate estimated for OB94-13, which was
sectioned at 1 cm intervals is ~ 0.25 cm yr™', results in best possible resolution being ~ 4
years. Attaching the deposition age to the mid-depth of a core section in this example,
results in a minimum uncertainty of + 2 years for events contained in different core
sections. Due to the nature of annual flooding (i.e. 90 percent of sediments delivered in
the spring and summer months), the time resolution that can be expected, even in cores
with extremely high sedimentation rates is ~ 1 year, which imposes a minimum
uncertainty of £ 0.5 years. Second, it is important to note that constant sedimentation
rates are assumed between radionuclide horizons. In cores demonstrating variability
between intervals, th¢ average rate calculated between horizons may not reflect the actual
variability. Age uncertainties due to this factor are likely to be related to sample depth
relative to the depth of the nearest dated horizon. The actual deposition age uncertainty
will likely be a result of some combination of both of the factors discussed above and is
likely to vary both within and between cores. A reasonable estimation of deposition age

uncertainty is in the range of 1 to 4 years.
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Chapter 6

Contaminant records

In this chapter, isotopic ratios measured in core sections are combined with
corresponding deposition age estimates, which results in the historical record of weapons
related contamination at each of the sites sampled in the Ob River region. In order to
relate isotopic information between cores, time scales established by the radionuclide
horizon method are used. The contaminant records in sediments from the Ob River
region contain both large and small deviations from the average isotopic composition of
global fallout. While the small deviations are no doubt real, efforts have been focused on
the large unambiguous variations observed in the suspected source tributaries that can be

linked to contamination in the Ob Delta.

Characterization of nuclear weapons related contamination

To discern sources of observed weapons related materials, contaminant records in
sediments are compared to published isotopic information for the various sources of
contamination (for additional information, see Table 2:3). Depending on the location of
the core, published values for the most likely source(s) are used to represent isotopic end
members. For global fallout, the + 20 range for average isotopic values is used (Kelley,
Bond et al. 1998). For sediments thought to contain contamination originating from
weapons production facilities (i.e. Mayak or Tomsk-7), isotopic ratios measured in core

sections are compared to those reported for contaminated soils collected at Mayak
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(Beasley, Kelley et al. 1998; Oughton, Fifield et al. 2000). For sediments thought to
contain contamination originating from Semipalitinsk, isotopic values are measured in
core sections are compared to those reported for soils collected at both the main above
ground test site and the Balapan test site (Shebell and Hutter 1996; Yamamoto, Tsukatani
et al. 1996; Yamamoto, Tsumura et al. 1996; Beasley, Kelley et al. 1998; Yamamoto,
Hoshi et al. 1999; Oughton, Fifield et al. 2000). In cases where contamination from both
weapons production facilities and Semipalitinsk is possible (i.e. the Ob delta), all end-
members are shown. The contaminant records for sediment cores from the Ob region are
presented below. For each record, horizontal lines indicating the selected radionuclide

horizons are shown along with their corresponding depths (secondary y-axis '*’Cs/?*°Pu

record).

Tobol River (OB95-10)

Weapons related materials originating from Mayak are delivered to the Tobol
River via the Techa and Iset Rivers. OB95-10 was collected from the Tobol River above
its confluence with the Irtysh River. Environmental contamination is well documented at
the Mayak facility and discussed in Chapter 2 (Bradley, 1997).

A comparison of the isotopic ratio profiles obtained from the Tobol River with
global fallout values and ratios reported for contaminated soils collected near the Mayak
facility is shown in Figure 6:1. The isotopic records indicate input of material that is
quite different from global fallout between ~1948 and the early 1970s. The 2°Pu/2°Pu

ratios between 1948 and 1953 plot very closely to published values for sediments from
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the Asanov swamp and are consistent with reports of waste disposal practices at Mayak
between 1948 to 1951(Bradley and Payson 1997; Oughton, Fifield et al. 2000). It is
interesting to note that the 237Np/mPu value published for soils contaminated by the 1957
tank explosion at Kyshtym (i.e. the — - line) plots between isotopic ratios observed in
sediments deposited between ~1948 and ~1957 (see A, middle panel). This suggests that
the tank involved in the explosion may have contained a mixture of wastes dating from
the beginning of operations at Mayak. Also noteworthy is the observation that while both
the 2°Pu/?°Py and 2 "Np/#°Pu signatures are clearly indicative of non-fallout
contamination early in the record, the contaminated horizons do not contain similar '*’Cs
enrichments (see B, right panel and Figure 5:1b), which is surprising as '*’Cs is known to
have been a major component of waste releases at this time. This may suggest a
differential mobility of Cs from that of Pu or Np, which could be a result of differing

chemical forms in various waste streams originating from Mayak during its early years of

operation.

Although no published '*’Cs/**°Pu values are available for Mayak, the isotopic
ratio varies considerably throughout the entire record, falling below global fallout
between ~1948 and ~1963 and within or above global fallout thereafter with large
maxima at ~1967 and 1986. The maximum observed in 1986 is associated with
Chernobyl, and the majority of samples plot off scale (n=6, maximum at 7.3; see Figure
5:7a for full scale plot). The timing of the peak ~1967 is consistent with the Lake
Karachai wind transfer event, however, *’Cs/?**Pu ratios elevated above global fallout

appear as early as 1964, which suggests that the event leading to the maximum may have
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occurred prior to 1967. Both the 240py/2Pu and »"Np/*°Pu profiles show a decrease
towards the weapons end members ~1965, which is ~ two years earlier than the
137Cs/2Pu maximum, suggesting perhaps that two different events may have lead to
these featu.res (see note C, all three panels).

After the mid-1960s, the 2*°Pu/”°Pu record indicates that input of material is not
significantly different than global fallout, except for a brief (single sample) period of low
ratios in the early 1990s. The 237Np/239Pu record continues to show evidence of non-
fallout contamination until the early to mid 1970s. The **"Np/***Pu profile also shows a
period of ratios that are below global fallout beginning in the early 1990s.

Unlike the 2*°Pu/’Pu record, the ’Np/>*Pu record indicates that non-fallout
material is supplied to this location until the date of core collection (mid-1995) (see note
D, left and middle panel).

The contaminant records from the Tobol River have several implications with
regards to contamination originating from the Mayak facility. 1) Contamination resulting
from the early waste disposal practices at Mayak has been transported at least as far as
the Tobol/Irtysh confluence. 2) Up until 1995, at least, dam construction efforts
(completed in 1964) have been largely successful in containing wastes produced at
Mayak; this is evidenced by the dominance of global fallout after the mid-1960s. Non-
fallout contamination was delivered to this location in the early 1990s, indicating the
potential for future contamination near the Ob/Irtysh confluence resulting from activities
at Mayak. There is some isotopic evidence supporting the presence of material from the

1967 Lake Karachai wind-event.
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Irtysh River (OB95-13)

A comparison of the isotopic ratio profiles obtained from OB95-13 to published
information characterizing global fallout and values reported for soils collected at the
Semipalitinsk test site is shown in Figure 6:2. OB95-13 was collected from the Irtysh
River above its confluence with the Tobol River. Any weapons materials originating
from drainage of the Semipalitinsk test site or nearby regions contaminated by close-in
fallout may be transported to this location via the upper reaches of the Irtysh River.

The **°Pu/*’Pu isotopic ratio record obtained from the upper Irtysh River is quite
variable indicating input of material with an isotopic composition that is different from
global fallout at various times between 1950 and 1995. The low >*°Pu/**°Pu ratios in the
early 1950s that plot close to the reported value of soils from Semipalitinsk are consistent
with contamination from early above ground weapons tests (see A, left panel). With the
exception of 2 points ~1955, the majority of **°Pu/***Pu ratios are consistent with a
mixture of global fallout and 10 to 20% materials observed at Semipalitinsk. Much
larger fractions are required to accommodate the isotopic ratios in sediments deposited in
the early 1950s and 1987, ~100 and 66%, respectively. It is surprising that a sharp
increase in the fraction of non-fallout contamination is observed 20 years after the ban on
aboveground testing (see B, left panel). The suspended sediment discharge estimates for
the Irtysh above its confluence with the Ob River reach a maximum during 1986 to 1987,
which supports the remobilization of previously contaminated sediments (see Figure 3:6).

Additionally, other information suggests that there was an increase in underground
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testing between 1983 and 1985, making contaminant releases from these activities are
another potential source(Bradley and Payson 1997).

The >*’Np/*°Pu record obtained from OB95-13 is also quite variable and exhibits
substantial departures from global fallout. In general, a trend is observed from values
that are lower than global fallout in the early portion of the record (1953 to 1960). The
low (below global fallout) 23"Np/mPu ratios observed in sediments deposited between
1965 and~1974 are consistent with material observed at Balapan (site of the Chagan Lake
cratering explosion), suggesting that some of this material may be present in sediments
from the upper Irtysh River (see C, middle panel). Values that are higher than global
fallout are observed in sediments deposited after ~1975. Lower than global fallout
Z"Np/™Pu ratios are consistent with input from Semipalitinsk; however, isotopic ratios
that are higher than the reported average global fallout value are not consistent with the
reported isotopic composition in any of the soils collected at Semipalitinsk. Kelley et al.
(1998) attributes variability in the relative abundances of Np and Pu in global fallout to
differences in the types of weapons tested. It is reasonable to expect similar device-
related variability as a result of different types of weapons tested at Semipalitinsk
between 1949 and 1991. To a certain extent, this variability is demonstrated by the
different 237Np/239Pu values observed at the first experimental test site and Balapan. The
trend from low values early to high values later in the record also suggests that
contamination observed after the mid-1970s did not originate from early above ground

tests. This further supports the idea that some of the contamination observed in the
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vicinity of the Irtysh/Tobol confluence is derived from underground tests conducted at
Semipalitinsk.

The *’Cs/**°Pu ratios in OB95-13 are also quite variable, falling quite close to
global fallout prior to 1955, below global fallout between ~1955 and ~1957, and at or
significantly above global fallout thereafter. The large maximum ~1967, is similar to that
observed in OB95-10 with respect to both ratio and timing (see D, right panel). Itis
different however in that it is more sharply defined. Thus, it may be due to a different
event such as the Chagan Lake explosion in early 1965, which reportedly distributed
large amounts of debris to the surrounding area. Resolving the timing of two events
occurring so close in time that may have distributed non-fallout contamination in the
vicinity of both sampling sites is not possible (i.e. Chagan Lake in 1965 and Lake
Karachai in 1967).

Other similarities between the records from the Tobol and upper Irtysh rivers
occur ~1955 and can be characterized by 240py/23%py ratios at or above global fallout, but
both 237Np/239Pu and *’Cs/***Pu well below global fallout. It seems very unlikely that
the similarity of these two records with such strong signals is a coincidence. At this
point, the origin of this similarity can not be determined. It is noteworthy that later in the
record, the Np and Pu isotopic ratios of the two rivers clearly diverge.

The contaminant records obtained from the upper Irtysh River indicate that
materials originating from weapons tests at Semipalitinsk have been a continued, if
intermittent, source of non-fallout contamination in the vicinity of the Irtysh/Tobol

confluence. The data suggest that, in addition to above ground tests, later underground
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tests may also have been a source of contamination. Similarities observed between
contaminant records from the Tobol and Irtysh Rivers suggest the possibility of some
common sources of contamination in the early portions of both records, but with the

disappearance of these very strong signals, the records appear to reflect largely different

non-fallout components.

Lower Irtysh River (OB95-06)

The contaminant records obtained from OB95-06 is shown in Fi gure 6:3.
Although the time period is limited, this record is important in that it allows the
assessment of the relative contributions of contaminants originating from the Tobol and
upper Irtysh Rivers (i.e. Mayak, and Semipalitinsk, respectively). Compared to cores
from these rivers, the contaminant records contained in OB95-06 are more similar to the
records obtained from the Tobol rather than the upper Irtysh River. The *’Cs/**°Pu ratios
in OB95-06 associated with Chernobyl are similar to records from both rivers in that the
majority of samples plot off scale (n=33, maximum at 4.3). There are however, some
differences between the record obtained in OB95-06 and those from upstream locations.
The elevated **°Pu/**°Pu ratios present in OB95-06 ~1992 are not seen in either the Tobol
or upper Irtysh River (see A, left panel). While elevated ***Pu/**Pu ratios suggest that
the source may be Chernobyl, the identification is uncertain due to the arrival of this
material ~5 years after '*’Cs from Chernobyl. The difference in timing and lack of

elevated **°Pu/*’Pu ratios associated with Chemnobyl contaminated horizons at upstream
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locations suggest that contamination from an additional, and as yet unidentified, source

has been delivered to the vicinity of the Irtysh/Ob confluence.

Upper Ob River (OB95-04 and 05)

A comparison of the isotopic ratio records obtained from OB95-04 and OB95-05
to published information characterizing weapons related contamination is shown in
Figure 6:4a and b. Both cores were collected from the Ob River above its confluence
with the Irtysh River. The isotopic records from both cores are substantially different
from global fallout for most of the time between 1950 and 1995, clearly indicating the
presence of weapons materials originating from Tomsk-7 that are transported to this
location via the upper reaches of the Ob River.

The **Puw/*°Pu record indicates a significant fraction of non-fallout Pu
throughout the entire record of both cores. Estimates using available end member values
indicate that between 35 to 40 - percent of the plutonium is non-fallout in origin. The
transition from high to low 2*°Pu/2°Py ratios ~1955 is consistent with the beginning of
reactor operations at Tomsk 7. Although the dating in OB95-05 is somewhat uncertain
above 1963.5, the 2*°Pu/*py ratios, on average, in this core are higher than those
observed in OB95-04, likely indicating either a larger fraction of sediments contaminated
as a result of global fallout or relatively less contamination from Tomsk-7.

237Np/ml)u ratios are also significantly different from global fallout over much of
the records in both cores. Low values consistent with weapons production dominate from

~1955 to ~1975, and values that are significantly higher than global fallout between 1975
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and the early 1990s with large maxima ~1982 and 1986 in OB95-04. The elevated
ZNp/Pu ratios ~1950 (OB95-05) are not consistent with any known weapons related
activities in the upper Ob River. This may be an indication of 237Np variability in early
global fallout or perhaps contamination from close-in fallout as a result of early tests at
Semipalitinsk. The lack of elevated ratios in the Irtysh River (OB95-13) during this
period suggests the former rather than the latter as the more likely explanation.

The timing of elevated 2’Np/*°Pu ratios ~1976 in OB95-04 is consistent with the
arrival of irradiated fuels from Mayak, which may have resulted in a change in the
isotopic composition of the waste-stream originating from Tomsk-7. The Z’Np/*°Pu
maximum that is closest to the surface has an arrival time that is quite similar to that of
Chernobyl and seems to suggest that it too may be related to the accident. This is not the
case however, based on the lack of 23 7Np increases in contaminant records from other
locations with more substantial amounts of Chernobyl material (e.g. Tobol and upper and
lower Irtysh). That these features are two separate events in time is further supported by
the observation that *’Np/**Pu ratios begin to rise and reach a maximum 1-2 years
before the arrival of Chernobyl material. Additionally, replicate analyses indicates that
elevated levels of 2*’Np (a factor of 2 higher) were present as early as ~1983.

The "*"Cs/***Pu records in both cores are also quite variable. Values generally are
below global fallout prior to 1970 and at or above global fallout thereafter. The profile in
0OB95-04 shows two maxima. The first maximum ~1973 has not been associated with

any known contamination event. Noteworthy is the fact this feature does not appear in
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OB95-05. The second maximum ~1988 in OB95-04, which has been discussed in
Chapter 5, is most likely a result of Chernobyl.

The observation of non-fallout ratios in these cores throughout the sedimentary
record indicates that material originating in the upper Ob, presumably from Tomsk-7,
continues to be a source of contamination in the vicinity of the Ob-Irtysh confluence.
The different isotopic compositions observed between OB95-04 and OB95-05 indicates

that the levels of contamination derived from Tomsk-7 vary between sample locations.

Ob delta cores

As previously mentioned, non-fallout materials have been identified in the Ob
delta (Sayles, Kenna et al. 1998). The potential source(s) of contamination can be
evaluated by comparing the contaminant records obtained from the Tobol, Irtysh, and
upper Ob Rivers to the records obtained from sediment cores collected in the Ob delta.
For comparison, each of the three different isotope ratio profiles obtained from delta
cores will be shown together. The **°Pu/?**Pu contaminant records obtained from OB9%4-
07B, 10A, 09, and 08 are shown in Figure 6:5a and b.

In general, the 240py/2Py ratios indicate a dominance of global fallout in all four
cores, with distinct (i.e. single sample) departures towards non-fallout values that are
consistent with input from either weapons facilities or Semipalitinsk (i.e. the 2*°Pu/?*°Pu
departures from global fallout ~1965, ~1975, and ~1993). Similar departures towards
non-fallout end-members or consistently low ratios are observed in each of the three

suspected source tributaries ~1965, suggesting that any or all of the local sources may be
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Figure 6:5a. 240pu/?Pu records in Ob delta cores, OB94-07B and OB94-10A (left to
right). Primary y-axis is deposition age calculated using the Radionuclide horizon
method. Secondary y-axis shows the depths of collection, Chernobyl, the global fallout
maximum and initial appearance (solid horizontal lines). See captions in Figure 6:1 and
6:2 for details. Error bars are 1 standard error. Note: Broken line indicates where one or
more core sections were not analyzed. See Figure 4:1 for core location
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Figure 6:5b. **°Pu/"’Pu records in Ob delta cores, OB94-09 and OB94-08 (left to right).
Primary y-axis is deposition age calculated using the Radionuclide horizon method.
Secondary y-axis shows the depths of collection, Chernobyl, the global fallout maximum
and initial appearance (solid horizontal lines). See captions in Figure 6:1 and 6:2 for
details. Error bars are 1 standard error. Note: Broken line indicates where one or more
core sections were not analyzed. See Figure 4:1 for core locations.
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responsible (see A, 07B, 10A, 09). It is interesting that a large departure corresponding to
very low ratios in the Ob delta ~1975 (three out of four cores) is not observed in any of
the suspected source tributaries (see B, 07B, 10A, 09). Although replicate analyses have
shown that plutonium is not always homogeneously distributed within the sediments, the
consistency with respect to the timing of the departures suggests that the low 240py/2%py
are event-related (hydrologic) rather than coincidental. Two cores also show low ratios
in the mid-1990s, indicating the continued presence of non-fallout contamination in the
delta (see C, O7B and 10A). The remaining samples generally fall at or just below the
20 value of global fallout, indicating a small but chronic input of non-fallout Pu. Itis
also noteworthy that three out of the four cores exhibit elevated 290py/2°Py values in the
early to mid-1950s. The appearance of high ratios around this time is consistent with pre-
moratorium 2**Pu/”°Pu values and data available for stratospheric material collected in
1952 and 1954, which exhibited >**Pu/*’Pu ratios of .27 and .36, respectively (Diamond,
Fields et al. 1961; Krey, Hardy et al. 1976).

The Z’Np/*°Pu records from OB94-07B, 10A, 09, and 08 are shown in figure
6:6a and b. The most prominent feature is the records in OB94-07B and 10A from 1984
to 1994. There is clear input of z 7Np—enriched material to both core locations, which
reaches a maximum in both cores ~1987. Of the three suspected source tributaries, the
2"Np/*°Pu record obtained in sediments from the upper Ob River (i.e. OB95-04) is the
only one that exhibits similar isotopic variations. This strongly suggests Tomsk-7 as the
source of the elevated levels of 2*’Np in the delta after ~1986. The records prior to 1955

for OB94-07B, 09, and 08 show ratios that are significantly higher than global fallout.
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Figure 6:6a. >’Np/~*Pu records in Ob delta cores, OB94-07B and OB94-10A (left to
right). Primary y-axis is deposition age calculated using the Radionuclide horizon
method. Secondary y-axis shows the depths of collection, Chernobyl, the global fallout
maximum and initial appearance (solid horizontal lines). See captions in Figure 6:1 and
6:2 for details. Error bars are 1 standard error. Note: Broken line indicates where one or
more core sections were not analyzed. See Figure 4:1 for core location
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Figure 6:6b. ’Np/*°Pu records in Ob delta cores, 0B94-09 and OB94-08 (left to right).
Primary y-axis is deposition age calculated using the Radionuclide horizon method.
Secondary y-axis shows the depths of collection, Chernobyl, the global fallout maximum
and initial appearance (solid horizontal lines). See captions in Figure 6:1 and 6:2 for
details. Error bars are 1 standard error. Note: Broken line indicates where one or more
core sections were not analyzed. See Figure 4:1 for core location
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The highest value observed in any of the suspected source tributaries for this time period
is ~1, which is in the upper Ob prior to the beginning of weapons related activities.
Although no 237Np/mPu data are available for the stratospheric samples mentioned
above, they do coincide with the elevated 2*°Pu/**Pu values, suggesting that 2’Np in this
material may have been elevated as well. Elevated values do not appear in the record
obtained for OB94-10A, demonstrating perhaps variable deposition of this material or the
dominance of lower ratio material that is present in both the Irtysh and Tobol Rivers
during this period. From ~1960 to ~1980, the 2"Np/?**Pu records indicate mostly fallout
values with a few departures towards non-fallout end members. The departures in OB94-
09 and OB94-10A (~1975) are quite large, indicating significant amounts of non-fallout
contamination in these samples. Low ’Np/**Pu ratios in these samples are likely a
result of increased 2**Pu concentrations rather than decreased 237Np, which is supported
by very low ***Pu/***Pu ratios in the same samples (~ 0.05 and 0.09 in OB94-10A and 09,
respectively. It is interesting that the 1975 horizon in OB94-07B also exhibits a
290py/2Puy ratio below global fallout (~ 0.14) but a 2 7Np/239Pu ratio that falls within the
range of global fallout.

The '*'Cs/**°Pu records from OB94-07, 10A, 09, and 08 are shown in figure 6:7a
and b. The '*’Cs/**Pu record obtained from OB94-07B is quite different from the other
delta cores, exhibiting values above global fallout over most of the record. The
maximum ~1967 is quite similar to those observed in both the Tobol and upper Irtysh
Rivers, suggesting contaminant transport from one of these upstream sources. The

extended period of high '*’Cs/**°Pu ratios in OB94-07B between ~1973 and ~1978 are
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Figure 6:7a. '*’Cs/**°Pu records in Ob delta cores, OB94-07B and OB94-10A (left to
right). Primary y-axis is deposition age calculated using the Radionuclide horizon
method. Secondary y-axis shows the depths of collection, Chernobyl, the global fallout
maximum and initial appearance (solid horizontal lines). See captions in Figure 6:1 and
6:2 for details. Error bars are 1 standard error. Note: Broken line indicates where one or
more core sections were not analyzed. See Figure 4:1 for core location
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Figure 6:7b. '*’Cs/**°Pu records in Ob delta cores, OB94-09 and OB94-08 (left to right).
Primary y-axis is deposition age calculated using the Radionuclide horizon method.
Secondary y-axis shows the depths of collection, Chernobyl, the global fallout maximum
and initial appearance (solid horizontal lines). See captions in Figure 6:1 and 6:2 for
details. Error bars are 1 standard error. Note: Broken line indicates where one or more
core sections were not analyzed. See Figure 4:1 for core location

182




consistent with the '*’Cs/**°Pu record obtained from the upper Ob River (OB95-04), and
likely indicates contamination derived from Tomsk-7 is present during this time period.
The records are quite similar in OB94-10A, 09, and 08, exhibiting values below global
fallout prior to ~1960, and values that are within or slightly above the global fallout range
(OB94-10A; Chernobyl) from ~1960 to ~1995. The low '*’Cs/**°Pu ratios ~1975 in both
0OB94-09 and 10A are similar to the other corresponding records at this time; all three

isotopic records from each core are consistent with materials collected at Semipalitinsk.

Taz Estuary (OB94-13)

The contaminant records obtained from OB94-13 are shown in Figure 6:8.
OB94-13 was collected from the Taz estuary. There are no documented sources of
weapons related materials that are located within this region. A core was collected at this
location in order to characterize global fallout to the watershed.

With the exception of the low value ~1975, the 290py/>°py record in OB94-13
indicates that after the mid-1960s, all values are within the range of global fallout. Prior
to 1960, values that are both well above and below global fallout are observed. These
features are similar to those observed in cores from the Ob delta and the early part of the
record contained in OB95-05 (~1950 to ~1955, prior to the commencement of activities
at Tomsk-7). To a large extent, the elevated ratios in the early portions of the 290py/py
records in these cores are consistent with the reported isotopic composition of global
fallout during this time period. The low values are not. These could indicate a

contaminant source local to the Taz estuary, but they more likely indicate input from
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early weapons tests at Semipalitinsk. Additionally, not all atmospheric tests conducted at
Novaya Zemlya were high-yield. Close-in fallout as a result of the low-yield tests at
Novaya Zemlya cannot be entirely ruled out
In contrast, all of the 237Np/239Pu ratios and the majority of 137Cs/*%pu ratios

measured in sediments from the Taz estuary are below global fallout. It is difficult to
reconcile these records with the >*°Pu/**Pu record as being a result of input from multiple
sources. First, there are no reports of additional sources of contamination on either the
Taz or the Pur Rivers. While this does not necessarily rule out the influence of a
previously unreported source of non-fallout contamination, the observed isotopic profiles
suggest that input from such a source is complex. The global fallout pattern is quite clear
in the down-core radionuclide concentration profiles of OB94-13 (see Figures 5:1a
through 5:4a). If the low ?’Np/*°Pu and 137Cs/2*°Pu isotopic ratios are due to the
influence of such a source in addition to global fallout, its isotopic composition would
need to be similar to global fallout, with respect to 240py/23%Py ratio but much lower with
respect to *’Cs and >*’Np. Furthermore, its input would have to have been similar with
respect to both timing and concentration to that of global fallout deposition, which
changed dramatically between the period 1950 to 1995. The existence of such a source
with these characteristics seems unrealistic.

A much more likely explanation of the observed isotope ratios measured
in OB94-13 are the effects of periodic intrusion of seawater into the Taz estuary. The

location of the seawater penetration boundary has been estimated to reach as far south as

Cape Kamenny (Ivanov, Medkova et al. 1995). The true extent of seawater intrusion is
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difficult to accurately asséss as salinity profiles are unavailable for the Ob and Taz
estuaries. One would expect seawater penetration to be most likely during the winter
months with very low fresh water flow. Estimated concentration factors (K s) in coastal
sediments are 1 x 10°, 5 x10°, and 3 x 10° for plutonium, neptunium, and cesium,
respectively (IAEA 1985). The differences in K4 values support the preferential loss of
both neptunium and cesium relative to plutonium as a result of sediment seawater
interactions. While geochemical fractionation of Pu, Np, and Cs may occur in the Taz
and Ob estuaries, sediments collected in the delta and upper reaches of the Ob and its
major tributaries are freshwater environments and therefore will not be subject to the
effects of seawater. Geochemical fractionation of Pu, Np, and Cs in these freshwater

environments is discussed more thoroughly in Chapter 7.

Contaminant record summary

The different isotopic records observed in cores from the Ob delta suggest several
important points. 1) Global fallout is the dominant source of weapons related
contamination in the Ob delta. 2) Contamination derived from local sources has been
transported the full length of the tributaries that drain each at various times throughout
the period from 1950 to 1995. 3) There is clear evidence linking non-fallout
contamination in Ob delta sediments to sources located on the upper reaches of the Ob
River as well as the Tobol and/or the upper Irtysh River (i.e. Tomsk-7, Mayak, and/or
Semipalitinsk, respectively). 4) The contaminant records contained in delta sediments

from different locations suggest that the distribution of non-fallout contamination derived
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from upstream sources is not homogeneously distributed throughout the Ob delta. This is
indicated by the lack of elevated *’Cs/**°Pu ratios in OB94-10A ~1967, which are

observed in OB94-07B, as well as the lack of a clear Chernobyl signal in all delta cores.

Atom ratio mixing plots

An additional tool that is useful in the identification of mixing trends and different
end-members are comparisons of the different atom ratios relative to each other (i.e. atom
ratio mixing plots). Previous researchers have used 20pu/%pu vs, 237Np/z‘o’gPu and
241py/?Py to demonstrate mixing trends (Beasley, Kelley et al. 1998; Kelley, Bond et al.
1998). While all of the samples contain some contamination derived from global fallout,
in an effort to clarify these trends, samples that were not significantly different from
global fallout were removed from the data set. Table 6:1 lists each ratio, the total number
of measurements made, and the percentage of samples that fall outside the + 26 range of
global fallout (see Table 2:3 for details). The data in Table 6:1 indicate that ~Y2 of the
samples measured contain significant fractions of non-fallout contamination, regardless
of the isotopic ratio used. This by itself is an indicator of the strong influence exhibited

by non-fallout contaminant sources in the Ob region.
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Table 6:1. Percentage of samples containing non-fallout contamination
as indicated by the different ratios used

Isotope Total number of %
Ratio Measurements* Non-fallout
20py/py 459 '42%
2Np/#Pu 418 61%
ZTNp/*pu 418 53%
2 py/py 196 44%
3Cs/Pu 402 50%

* includes replicate analyses

Tobol and Irtysh Rivers 1986 to 1995

A comparison of the isotopic composition in samples from OB95-10, 11, and 13
to OB95-06 allows the relative influence of each of the suspected source tributaries (i.e.
the Tobol, and upper Irtysh Rivers) to sediments in the lower Irtysh River. Samples that
fall outside of the + 20 range of global fallout with respect to either **°Pu/***Pu or
ZNp/~°Pu are shown in Figure 6:9, along with the available data for global fallout,
Mayak, and Semipalitinsk. The large gray rectangle represents the + 26 range of global
fallout for both **Pu/**Pu and 237Np/mPu ratios. Lines drawn from the upper left and
lower right-hand corners of the global fallout rectangle to end-member values indicate the
range of isotopic compositions that are explainable by two-component mixing within the
uncertainties of the measurements.

In the case of Mayak, a rectangle that encompasses the range of very low values

observed in the early record obtained from the Tobol River are used to represent the
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weapons production end-member. The values published for soils contaminated by the
Kyshtym tank explosion, which is also shown as a reference, do not reflect the observed
variability in Tobol River sediments. The isotopic variability in soils collected at
Semipalitinsk results in a rather large area that is explainable by a mixture between global
fallout and contamination derived from that location.

The data shown in Figure 6:9 demonstrates clear differences between non-fallout
contamination originating from the Tobol and upper Irtysh Rivers between 1986 and
1995. Material from the Tobol River is depleted in both **"Np and 290py, relative to
~ global fallout, while material from the upper Irtysh River is enriched in 2Np, relative to

\
global fallout. The majority of samples collected in the lower Irtysh River have an
isotopic composition that is similar to those observed in the Tobol River. This indicates
that contamination originating from the Tobol exerts a stronger influence in the lower
Irtysh River from the period ~1986 to ~199>‘5. It is interesting that elevated 2°Pu/”°Pu
ratios are present in the lower IItySh but do not appear in the Tobol or the upper Irtysh
Rivers. The few samples from the lower Irtysh River that plot between the single sample
from the upper Irtysh River with low 240py/2Pu and 237Np/mPu ratios may indicate
some influence of contamination derived from Semipalitinsk, however, these samples
also plot between global fallout and Mayak end-members and thus, the true source can
not be resolved. The five data points with high 240py/2%Py ratios observed in OB95-06
can not be attributed to a known source. While >**Pu/***Pu ratios that are elevated above

the global fallout value are observed in test debris from weapons tests in the early 1950s,
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these samples also contain elevated 241py/?°Puy ratios (not shown, see Appendix I), which
rules this out as a possible source.

In a similar fashion, 137Cs/**%py ratios are compared to 239p1/**%Py ratios (note: reciprocal
ratio) from the Tobol and upper and lower Irtysh River in Figure 6:10. Although samples
from both the Tobol and upper Irtysh exhibit 137Cs enrichments relative to global fallout,
they can be differentiated by their 239py/?*0py ratios. All of the samples from the upper
Irtysh that contain elevated 137Cs also contain elevated *?Pu relative to global fallout,
while samples from the Tobol exhibiting similar 137Cs enrichments do not. The majority
of samples in the lower Irtysh River contain isotopic compositions that are consistent
with a mixture between global fallout and materials observed in the Tobol River during
this period. The data presented in figures 6:9 and 6:10 both indicate that the influence of
contamination originating from the upper Irtysh River and likely derived from
Semipalitinsk is relatively small compared to contamination originating from the Tobol

River (Mayak) during the period 1986 to 1995.
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Lower Irtysh River, Upper Ob River and Ob delta from 1986 to 1995

A comparison of the isotopic composition in samples with estimated deposition
ages after ~1986 from the upper Ob River (OB95-04), lower Irtysh River, and samples
from the Ob delta allows assessment of the relative influence of each river on the
contamination of delta sediments. All of the samples that fall outside of the + 20 range
of global fallout with respect to either 290py/2%py or *’Np/>°Pu are shown in Figure
6:11. As in the previous figures, the + 20 range of global fallout is represented by a gray
rectangle. Due to the scale used, an arrow is used to indicate the mixing trend between
global fallout and weapons end-members. As observed in Figure 6:9, samples from the
lower Irtysh contain 237Np/239Pu ratios that are at or below global fallout levels, and
240py/239Py ratios are consistent with a mixture between global fallout and weapons end-
members.

Samples from the upper Ob indicate that materials originating from this river were
very different from material in the Irtysh River between 1986 and 1995. While some low
240p1y/23%Puy ratios are present indicating the presence of materials consistent with known
weapons end-members, several samples also exhibit 2"Np/*°Pu ratios that are quite
elevated compared to any published information. The pattern of isotopic ratios observed
in the upper Ob River suggests that contamination originating from Tomsk-7 has varied
with respect to its plutonium and neptunium concentrations. Contamination with
elevated 237Np/239Pu ratios is not observed in either the Tobol River or the upper Irtysh

River and indicates that some of the contamination originating from Tomsk-7 is very
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different from Mayak contamination. These differences likely reflect differences in the
nuclear programs underway at each facility.

The isotopic composition of samples from the Ob delta deposited after the mid-
1980s clearly demonstrates that the main source of non-fallout contamination originates
from the Ob River above its confluence with the Irtysh River (i.e. Tomsk-7). Non-fallout
contamination originating from the Irtysh River cannot be entirely ruled out however, due
to the fact that the high value in the upper Ob, global fallout, and the majority of isotopic
values measured in Irtysh River sediments fall on the same mixing line, making its
presence impossible to resolve (Figure 6:11).

In a similar fashion, Figure 6:12 shows a comparison of 137Cs/**Py ratios to
29pyu/2*Opy ratios (note: reciprocal ratio) in samples from the upper Ob, lower Irtysh, and
the Ob delta with estimated deposition ages between 1986 and 1995. The majority of
samples from the lower Irtysh River exhibit elevated 137Cs/?%py ratios, but 239py/240py
ratios that for the most part are consistent with global fallout. In contrast, samples from
the upper Ob River exhibit elevated 29pw/?*®Py ratios and '*’Cs/***Pu ratios that are the
same or slightly elevated above, global fallout values. Sediments deposited in the Ob
delta after ~1986 generally fall on a line between the samples from the upper Ob River
and global fallout. There is a group of samples that do exhibit slightly elevated
137Cs/**°Pu. This could be a result of either a small amount of material from the lower
Irtysh River or the direct deposition of material from Chernobyl in the delta. The lack of

elevated.”’Cs/**°Pu ratios in delta sediments similar to those in the lower Irtysh River
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and no delta samples exhibiting intermediate isotopic compositions between those in the
lower Irtysh and upper Ob River suggest the latter possibility. In both Figures 6:11 and
6:12, the majority of delta samples fall on a mixing-line between global fallout and
materials in the upper Ob River. This strongly suggests that Tomsk-7 is the main source

of non-fallout contamination to delta sediments between ~1986 and ~1995.

Tobol River, Irtysh River, Upper Ob River and Ob delta prior to the mid-1980s

The main point of the following discussion is to resolve the source of the material
with elevated '*’Cs/**°Pu ratios that appears in sediments from the Tobol River, Irtysh
River, and Ob delfa (OB94-07B) during the mid to late 1960s. Figure 6:13 shows a
comparison of the 237Np/mPu to 2**Pu/*°Pu ratios in samples containing non fallout
contamination from the upper Irtysh, Tobol and upper Ob Rivers as well as the Ob delta
with deposition ages before ~1985. These data show clear evidence of mixing between
global fallout and weapons end-members, demonstrating the presence of contamination
from these sources in the Ob delta. Unfortunately, samples from each of the suspected
source tributaries as well as the delta samples all exhibit the same trend, making source
resolution by these data impossible.

The ¥’Cs/**°Pu ratios and **Pu/***Pu ratios for the same samples are shown in
Figure 6:14. Similar to figure 6:13, the majority of samples in this figure are consistent
with mixing between weapons end-members (note: end-member values not shown at this

scale) and global fallout. There is however, a clear trend in delta samples towards
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elevated *’Cs/**®Pu values, which are observed in the Tobol and upper Irtysh river
samples deposited during the mid to late 1960s. It is noteworthy that elevated '*’Cs/**°Pu
ratios do not appear in any of the samples from the region deposited prior to this time.
Samples from the upper Irtysh River that exhibit elevated *’Cs/?**°Pu ratios also exhibit
elevated °Pu/?**Pu ratios relative to global fallout. Conversely, samples with elevated
17Cs/**Pu ratios collected in the Tobol River are quite similar to the global fallout value.
Delta samples with elevated '*’Cs/**°Pu ratios plot between the elevated values in
samples collected from both rivers. Based on the distinctive 2*Pu/?*°Pu ratios observed
in samples from the Irtysh River, there is a larger influence of material originating from
the Tobol River during the mid-1960s. Furthermore, the lack of similarities between
delta samples and samples from the upper Ob river indicate that material originating from
the Tobol River was the main source of non-fallout contamination to delta sediments

during this period.

Summary Chapter six

The isotopic information presented above consistently suggests that in addition to
debris from atmospheric weapons tests, materials derived from local sources have also
played a role in nuclear weapons related contamination of the Ob region. In several
instances, substantially different isotopic compositions are observed in sediments
collected from tributaries draining each of the suspected non-fallout sources. In cases

where materials with unique isotopic compositions and deposition ages are observed in a
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particular source tributary and the Ob delta, it has been possible to link contamination in
the Ob delta to Mayak, Tomsk-7, or Semipalitinsk.

With regard to contaminated sediment transport (discussed more fully in Chapter
8), the similar timing of the appearance of non-fallout materials in a particular source
tributary and its subsequent deposition in the delta suggests that transport is quite rapid.
Additionally, contamination from the Tobol River (i.e. Mayak) has played a larger role
than expected, given the suspended sediment contribution of this river. The mean annual
suspended discharges at Yalutorovsk (Tobol R.) and Omsk (Irtysh R.) are ~1.5 and 37
percent, respectively, of the suspended sediment load observed at Tobolsk. If suspended
load estimates are correct, it implies that contaminant inventories are much greater in the
Tobol River. While contaminant inventories do indicate higher levels in the Tobol River
(< factor of two, see Appendix II and discussion therein), differences much greater than
those observed are required to reconcile with the suspended load contributions. This is
problematic and suggests that suspended sediment discharge estimates may not be useful

indicators of contaminated sediment contributions from each suspected source tributary.
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Chapter 7

The distributions of Z°Pu, 2*°Pu, and Z'Np among chemically defined components of

sediments from the Ob River

Data presented in this study thus far, have clearly documented nuclear weapons
related contamination derived from both global and local sources in sediments collected
at various locations in the Ob region (see Figure 4:1 for sampling locations). Clear also
is the fact that fluvial transport is an important mechanism in the dispersal of
contaminated sediments.

As noted in the introduction, the focus of this study is the history of weapons
related contamination as it is recorded by particle reactive elements in sediments from the
Ob region. It is the particle reactive nature or the tendency of plutonium, neptunium, and
cesium to form strong associations with river particulate material that allows non-fallout
contamination measured in delta sediments to be linked to upstream sources. While it is
not possible for environmental processes to alter the isotopic composition of plutonium,
possible differences in the geochemistries of neptunium, cesium, and plutonium make
elemental fractionation (i.e. selective removal from particles) an important issue. This is
especially true when source information is derived from Np/Pu and Cs/Pu ratios.

By using isotopic ratios of different elements, their corresponding Kgs, or
distribution coefficients, are assumed to be sufficiently and similarly large (i.e. grams per
unit weight solid >> grams per unit weight solution). This allows the equation of

contaminant transport with contaminated sediment transport. Preservation of the global
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fallout pattern, the largely co-varying nature of radionuclide distribution profiles both
within and between sediment cores from different locations, and the presence of
237Np/mPu and 'Cs/*°Pu ratios with global fallout values strongly support these
assumptions. However, the question of preferential neptunium loss was raised in Chapter
6. Due to different sample size requirements and different measurement techniques used
in the determination of cesium, the discussion below is limited to plutonium and
neptunium only.

Several factors can affect the partitioning behavior of these elements. Plutonium
and neptunium can exist in multiple oxidation states ranging from trivalent to hexavalent,
which allows their complexation by a variety of different chemical species (Fuger 1992).
The physico-chemical form of materials released to the environment because of weapons
related activities are variable, which may also affect partitioning. Activities at weapons
production facilities include isotopic separation by organic liquid as well as the
machining of metallic plutonium for the production of individual weapon components.
Debris produced as a result of surface or atmospheric weapons tests can be made
refractory by fusing with soils. In the case of high yield weapons test (i.e. global fallout),
debris can be further modified during the ~ 11 month residence time in the stratosphere.
Over time, once contamination has been introduced into the environment, other factors
can affect partitioning such as weathering reactions and microbial activity. Sequential
extraction techniques performed on sediments and soils have been used by many
researchers to obtain elemental partitioning, mobility, and transport information

(Edgington, Alberts et al. 1976; Wahlgren, Alberts et al. 1976; Alberts, Muller et al.
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1977; Alberts, Muller et al. 1977; Muller and Sprugel 1977; Muller, Sprugel et al. 1977,
Muller and Tisue 1977; Muller 1978; Tessier, Campbell et al. 1979; Kersten, Foerstner et
al. 1986; Alberts, Wahlgren et al. 1989; Ruttenberg 1992; Oughton, Salbu et al. 1993;
Salbu, Oughton et al. 1994; JNREG and group 1997; Beasley, Kelley et al. 1998).

The main goals of this sequential extraction study are to: 1) Test the assumptions
made concerning the reversibility of adsorption of plutonium and neptunium, and thereby
gain a better understanding of the partitioning behavior of these elements onto sediments.
2) Determine if contaminants originating from the various sources are partitioned
differently between solid phase reservoirs.

In support of these objectives, a sub-set of sediments containing bulk isotopic
compositions that indicated the presence of non-fallout contamination were sub-sampled
and sequentially leached with a series of different reagents. Samples included sediments
from the upper Ob and Irtysh Rivers as well as the Ob delta. The distributions of 29y,
290py . and 2"Np among these chemically defined sedimentary fractions are reported.
Plutonium results are compared to previous studies that examined its sediment
partitioning behaviour using selective extraction techniques. The implications for the
mobility of nuclear weapons related contaminants originating from different sources are

also discussed.
Overview of selective leach fractions and experimental design

Due to the large number of minerals (both crystaline and amorphous) that are

present in river sedimentary material, it is impossible to precisely define the actual
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dissolution specificity of each reagent used in these types of experiments. Previous
researchers (noted above) have used operational definitions to describe the fraction of
sedimentary material solublized by each reagent. The treatments range from gentle to
total dissolution, and each is designed to approximate different environmental processes
that may occur or selectively extract trace metals contained in different solid phase
reservoirs thought to be present in the sediments. The partitioning behavior or mobility
of an element is inferred by the relative concentrations liberated by each treatment.

There is some variation between published studies with respect to the number and
order of different treatments, fraction definitions (i.e. target minerals), and the
reagents/treatments used to selectively leach each fraction. The majority of studies
generally follow a modified version of the experimental design of Tessier et al. (1979).
The techniques used in the present study were also initially based on the design of Tessier
et al. (1979). However, based on data from other studies, particularly those conducted by
Ruttenberg (1992), Alberts et al. (1976), Alberts and Whalgren (1989), Muller (1978),
and JNREG (1992) certain modifications were made. The last study referenced
examined the partitioning behavior of plutonium in sediments collected near Mayak and
is of particular interest. The fractions selected and treatments used in this study are
summarized in Table 7:1 and discussed below. Note that the term ‘trace metals’ in the

descriptions below is synonymous with plutonium and neptunium.
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Table 7:1. Fractions and reagents used for sequential extraction.

Fraction Extraction Reagent* Target Phase, (Potential Complexes)

F1 Exchangeable 1M NH;-acetate, pH 7 (NaOH) Exchangeable ions, (acetate)

F2 Reducible 0.3M Najg-citrate:1M NaHCO;, 1.3g  Easily reducible or reactive Fe* or
Na-dithionite (CDB), pH 7.6 MnO,-bound, (citrate, carbonate, and

sulfite)

F3 Carbonate 1M Na-acetate, pH 5 (acetic acid) Carbonates, (acetate)

F4 Organic 30% H,0,, pH 2 (HNO3), 85 °C Oxidizable, organic matter, sulfides

F5 Acid Leachable 8N HNO,, 85 °C Lithogenic-bound

F6 Refractory Aqua regia:HF, 100 °C Refractory, silicates

*Reagents without a specific temperature indicate extractions were carried out at room temperature.

Fraction 1 (F1) - Exchangeable. Typically, this fraction is first in the series. It
is designed to liberate trace metals that are loosely sorbed onto the surfaces of
sedimentary materials such as hydrated iron oxides and humic substances, or present at
exchangeable sites in clay minerals (Tessier et al., 1979). Dilute solutions of MgCl, and
Na-Acetate, usually at room temperature and neutral or near-neutral pH have been used
as extractants. Once present in solution, Mg?* and/or NH,* compete with trace metals
and displace them from the ion exchange sites they occupy.

Fraction 2 (F2) - Reducible. The reducible fractioﬁ is designed to liberate trace
metals that are scavenged by oxides of iron or manganese that would be released under
anoxic conditions. Tessier et al., (1979) leached the reducible fraction later in the
sequence using heated solutions (80 -97°C) of NH,-OH-HCI at low pH, or sodium
dithionite-citrate. Other studies specifically investigating the partitioning behavior of
plutonium in aquatic sediments, observed that the majority of total plutonium in
sediments from Lake Michigan and Buzzard’s Bay was found in the citrate-dithionite

extract (Alberts et al., 1976, Alberts and Whalgren, 1989, Edgington et al., 1976). Due to
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the possible effects of elevated temperatures and low pH on Pu and Np adsorption, it is
unclear what percent of the plutonium observed in the ‘reducible’ fraction is actually the
result of the reduction of iron and manganese. The results, however, are very interesting
in that they indicate that most of the plutonium is less refractory than previously thought.
Ruttenberg (1992) used a buffered solution of sodium-citrate-dithionite to extract ferric
iron-bound phosphorous at room temperature in order to mitigate the effects sulfide
formation and minimize the dissolution of carbonates. This method offered the ability to
examine the effects of the citrate-dithionite extractant on Pu and Np partitioning without
the effects of high temperature and low pH, and it was selected for use in the present
study.

Fraction 3 (F3) - Carbonate. The carbonate fraction is designed to liberate any
trace metals that are associated with carbonate minerals. The extraction techniques used
by previous researchers were conducted at room temperature using dilute solutions of
sodium or ammonium acetate adjusted to a pH of ~5 with acetic acid. While it is not
expected that carbonate minerals will represent a significant portion of Ob River
sediments, carbonates are efficient scavengers of trace metals, and they may be
important.

Fraction 4 (F4) - Organic. The organic fraction is designed to liberate trace
metals bound to organic matter. Solutions used to extract the organic fraction include
heated solutions of concentrated H,0O, at low pH, and dilute solutions of NaOH.

(Cochran, Moran et al. 2000) observed a significant increase in the Kd of americium
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before and after UV-destruction of DOC in Ob River water. This suggests that the
organic fraction could play an important role in the partitioning of nuclear contaminants.

Fraction 5 (F5) - Acid leachable. The acid leachable fraction is designed to
liberate trace metals bound to lithogenic materials that are present in sediments. This
fraction is referred to in many studies as the residual fraction. Although Tessier et al.
(1979) used a mixture of hot HF and HC1O,, the majority of other studies employ a hot
HNO; leach to extract this fraction. The possible presence of a refractory contaminant
phase, formed by the fusion of weapon components and soil silicates during surface tests
a Semipalitinsk, prompted the development of total digestion techniques for bulk
sediment isotopic analyses (see chapter 4). In the sequential extraction method used here,
attempts are made to verify the existence of this material by conducting an 8N HNO; acid
leach at 85°C, as a separate extraction, prior to total dissolution by HF.

Fraction 6 (F6) - Refractory. As discussed above, this fraction is designed to
liberate any trace metals that are associated with silicates or other acid leach resistant
mineral phases. The use of a mixture of HF-aqua regia results in the total digestion of
residual materials.

The treatments outlined in Table 7:1 were employed sequentially on 10g sediment
sub-samples (dry weight of the sample prior to the first extraction). A 10g sub-sample of
pre-nuclear age sediment, collected in the Ob River delta, was included for the
assessment of blank contaminant levels and ICP-MS measurement artifacts (e.g., mass
interference). A flow diagram of the selective extraction procedure is shown in Figure

7:1.
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Extractions were conducted in 250ml, HDPE centrifuge bottles. Following each
extraction, sediments were centrifuged for 15 minutes at ~3000 rpm. The resulting
supernatants were then filtered through either a .45 ym polysulfone or GF/F filter. After
filtration, filters and filter-chambers were rinsed with the next reagent in the sequence
and combined with the residual solids from the centrifugation step. For fractions F1
through F5, each extraction step was repeated twice. Fractions F2 through F4 also
included an additional NH4-acetate extraction step as a wash in order to de-sorb any Pu or
Np adsorbed during the extraction step. All 22 °C (room temperature) extractions and
NH;-acetate washes were conducted on a Gyrotory® shaker (model G2) at ~300 rpm.
Heated extractions (F4, F5, and F6) were carried out either on a hot plate orin a
temperature controlled water bath and agitated intermittently. For each treatment,
supernatants were combined with NH,-acetate washes. The solutions corresponding to
each treatment and the final remaining sample residue (F6) were transferred to individual
250 ml teflon centrifuge bottles; leached fractions were then taken to dryness. Following
this step, yield monitors were added and Pu and Np analysis was carried out on each

fraction (see chapter 4 for analytical details).
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Results and discussion

The sequential extraction technique outlined above was carried out on a sub-set of
five samples with bulk sediment isotopic compositions that were significantly different
from published global fallout values. Table 7:2 lists sample information, bulk-sediment
isotopic composition, and the suspected contaminant source(s) for each of the selected
samples. OB94-7B (3-4 cm) and OB94-10A (39-40 cm) were both collected in the delta,
yet they have dramatically different isotopic compositions. The isotopic composition
measured in OB94-7B (3-4 cm) suggests that it is contaminated with material originating
from the upper Ob River. The isotopic composition measured in OB94-10A (39-40 cm)
suggests that it contains a large percentage of material that is consistent with the isotopic
composition of soils collected from Semipalitinsk. OB95-04 (7-8 cm) and OB95-04 (16~
17 cm) were selected in order to characterize the partitioning behavior of contamination
originating from Tomsk. The down-core 2Np/~°Pu profile revealed maxima at both
horizons (chapter 6). Additionally, deposition age estimates indicate that the non-fallout
contamination observed in both OB95-04 (7-8 cm) and OB94-07B (3-4 cm) likely
originate from the same source (i.e.Tomsk-7). OB95-13 (16-17 cm) was chosen in order
to characterize the partitioning behavior of contamination originating from Semipalitinsk.
OB95-13 (15-16) exhibited a **’Pu/*°Pu ratio of 0.08, but there was not enough bulk
sediment remaining on which to perform sequential extraction. OB95-13 (16-17) is the
sample immediately below; it also exhibits a low 2490pyy/2°Py ratio and is likely related to

the same source of contamination.
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Table 7:2. Bulk Sediment Samples Selected for Sequential Extraction

Sample  Depth Deposition  ZPu™Pu  ®'Np/Pu _ Suspected

ID interval  Location Year Atom ratio Atom ratio  Source(s)*
94-07B 3-4  Obdelta 1988 0.167+0.003 1.166+0.015 GF,T
94-10A 39-40 Ob delta 1975 0.052+0.001 0.035+0.001 GF,S
95-04 7-8  Ob River 1988 0.111+0.002 1.131+£0.018 GF,T
95-04 16-17 Ob River 1975  0.132 1 0.001 0.7+0.028 GF,T
95-13 16-17  Irtysh River 1982  0.141 +0.006 0.458+0.026 GF,S

*GF=global stratospheric fallout, T=Tomsk-7, S=Semipalitinsk.

Distributions of *’Pu, **°Pu, and 237Np among Fractions

The distributions of 2**Pu, *°Pu, and 2"Np measured in each sample are
summarized in Table 7:3. In general, the sediments from different locations behaved in a
comparable manner. The majority of the total extracted plutonium and neptunium
distributed similarly between the reducible, carbonate, acid leachable and refractory (F6)
fractions, with reducible fraction containing by far the highest percentage of both
elements. The exchangeable and organic fractions together contain approximately 20
percent of the total extracted neptunium and little or no plutonium. This suggests that a
minor portion of the total neptunium may be affected by environmental conditions that
have little or no effect on plutonium. The acid leachable and refractory fractions to
gether contain ~ 10 to 20 percent of the plutonium and ~ 7 percent of the neptunium. The

results from each extraction are discussed below.
Exchangeable Fraction (F1)

2Py and 2*°Py extracted by the NHy-acetate treatment ranged from O tol

percent, with most values below detection, indicating that little if any Pu is held in an ion
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exchangeable form (Table 7:3). In contrast, the proportion of Z’Np in F1 ranged from 10
to15 percent, which indicates the presence of easily exchangeable ZNp. This suggests
that some of the neptunium may be more easily removed from particles than plutonium.
Table 7:4 summarizes the results of earlier studies, in which selective extraction
techniques were used to assess Pu mobility in a variety of environmental samples. These
include sediments and/or soils from Lake Michigan, Buzzards Bay, southern Ohio, and
the region surrounding Mayak (Alberts et al., 1974, Edgington et al,, 1976, Muller, 1978,
INREG, 1997). Results from studies that used either NHy-acetate or MgCl, to extract
exchangeable plutonium (methods A and C, Table 7:4) indicate the presence of a small
amount of plutonium in the exchangeable fraction. It is noteworthy that INREG (1997),
using a technique similar to the one in the present study, observed measurable amounts of
plutonium in the exchangeable fractions of materials collected near Mayak. Given the
extremely elevated plutonium concentrations measured by Oughton et al. (2000)
especially in the reservoir 10 (~4 X 10° Bq kg'), the small percentages observed by

JNREG (1997) could represent significant amounts of exchangeable plutonium.

Reducible Fraction (F2)

The results clearly indicate that the majority of Pu and Np contained in Ob River
sediments is associated with the CDB extractable phase. The relative proportions of
contaminants extracted by the CDB treatment ranged from 73 to 97 percent for >%py and
249py and from 66 to 76 percent for 2"Np (Table 7:3). Furthermore, the high percentages

of the total plutonium extracted by CDB observed in the present study are in good
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agreement with previous research that used variations of the CDB treatment (method D,
see Table 7:4 for references). This indicates that the effects of temperature and lower pH
are minimal. Ruttenberg (1992) demonstrated that the CDB technique efficiently
solubilizes Fe(III) minerals, thus it is reasonable to assume the reduction of a large
percentage of minerals containing Fe** and other redox sensitive elements (i.e. MnOy)
during the extraction of Ob sediments. Using NH,OH-HClI as the reducing extractant,
JNREG (1997) also observed that a substantial percentage of plutonium (30 to 50
percent) was solublized in some samples. This makes it difficult to argue against an
association of some type between Pu and Np and redox sensitive elements, whether they
are in the form of hydrous oxides or true minerals. The effect of complexation alone or
in combination with reduction is another matter.

The CDB technique combines a strong reductant with several ligands capable of
forming aqueous complexes with Pu and Np. The stability constants for Pu-citrate
complexes have been estimated at 1.7 x 10°” and 1 x 10" for Pu** and Pu™", respectively
(Vinogradov and Gryzin, 1952). There is also solid evidence to suggest that the
reduction of Pu and Np causes these elements to become less soluble (i.e. Ky Pu(l,
IV)>> K4 Pu(V,VI) (Edgington 1981). The presence of complexing agents in the F2
treatment at high concentrations is important and likely to prevent Pu and Np liberated by
reduction of host phases from re-adsorbing on available mineral surfaces. Edgington et
al. (1976) and Kung et al. (1998) attempted to resolve the individual contributions of
reduction and complexation by comparing the extractable proportions of plutonium

between CDB (treatment D and L), citrate-only (treatment E), and dithionite-only
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(treatment M). Compared to the total Pu measured in bulk samples (LM-H1 through
LM-H3, and RF-2 and 3), the MgCl,/dithionite treatment (B) extracted 10 percent and the
citrate-only treatments (E and M) extracted between 20 and 35 percent. These results are
quite different from the results of the MgCl, (no Pu extracted) and citrate-dithionite
treatments, which extracted between 80 and 90 percent. There also appears to be an
effect of adding both citrate and dithionite together as the total amount of Pu released by
the combined reagents is twice that obtained from separate additions (Edgington,
Wahlgren et al. 1976).

From the results presented here and by other researchers, several important
conclusions can be drawn concerning the CDB extractable fraction. Global fallout
(presumably the only source of contamination to Lake Michigan) appears to be present in
multiple forms that are collectively extracted by the citrate-dithionite treatment. While
separate extractions by dithionite and citrate were not performed in the present study,
large fractions of total Pu and Np were extracted with CDB from sediments containing
both fallout and non-fallout contamination from different sources. This indicates that a
large percentage nuclear weapons related contamination, regardless of the source,
exhibits a similar behavior with respect to CDB extraction. The environmental
implications of CDB extractable plutonium and neptunium will be discussed at the end of

the chapter.
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Carbonate Fraction (F3)

Only a small amount of plutonium and neptunium is associated with carbonates or
other Na-acetate soluble mineral phases. The relative proportions of contaminants
extracted by the Na-acetate treatment ranged from 1 to 3 percent for 2*Pu, *°Pu, and
2TNp. These results are not surprising as carbonates are not expected to be a significant
component of Ob River sediments. Although a different reagent was used to extract the
carbonate mineral phases prior to the reducible fraction (NH,-acetate, pH 5), INREG
(1997) results are only slightly higher than those from the present study. That different
extraction techniques and a different extraction order yield similar results supports the

idea that that contaminants associated with carbonate phases are not significant in Ob

River sediments.

Organic Fraction (F4)

These data indicate that the H,O, extractable phase contains only a small
percentage of both elements, but it plays a more important role in Np partitioning. The
relative proportions of 2**Pu and 2*°Pu extracted by the H,O; treatment were <3 percent
and the proportions of Np were < 10 percent (Table 7:3), which suggests that some Np
partitions more easily into the organic phase. Additionally, the proportions of **Pu and
290py extracted by the H,0, treatment were <1 percent in all sediment samples except for
those from the Irtysh River where values ranged from 1 to 3 percent. In contrast, the
proportions of *’Np ranged from 6 to 10 percent in all sediment samples except for those

from the Irtysh River where the value was <4 percent. The relative proportions of Pu and
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Np observed in Irtysh River sediments compared to sediments from other locations may
indicate that some of the contamination derived from Semipalitinsk may partition

differently into the organic phase.

Table 7:5. Weight percent organic material for selected samples

Core ID Depth % Org
Interval (dry wt))

0B94-07B (1-2) 3.79%

(2-3) 3.55%

(3-4) 4.73%

(4-5) 4.44%

(7-8) 5.32%

(8-9) 4.20%

(9-10) 4.82%

(14-15) 3.08%

(16-17) 3.28%

0OB94-10A (8-9) 2.95%

(9-10) 2.76%

(10-11) 3.66%

(24-25) 5.15%

(25-26) 4.55%

(26-27) 4.62%

(27-28) 4.90%

(39-40) 3.39%

(40-41) 3.28%

(41-42) 2.90%

(42-43) 3.43%

0OB95-13 (9-10) 0.02%

(10-11) 0.18%

(39-40) 0.05%

In order to approximate the percentage of organic material (by weight) in Ob
River sediments, 1 gram sub-samples of bulk sediments were dried and weighed before
and after treatment with 30% H,0O,. The results are shown in Table 7:5. Percent organic
matter in sediments from the Ob delta range between 2 to 5 percent while sediments

collected from the upper Irtysh River contain ~ an order of magnitude less organic matter
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(0 to 0.36 percent). Although representative samples from all core locations were not
measured in this fashion, the data demonstrate that organic material accounts for only a
small portion of the total sediment mass. It is also clear that percent organic matter varies
between sediments collected from the delta and at least one of the upstream tributaries.
Furthermore, the smaller amount of organic material observed in sediments from the
upper Irtysh River offers a reasonable explanation of the smaller fraction of 237Np
observed in the organic fraction of OB95-13 (16-17).

Previous studies have used a .1M NaOH extraction to represent Pu associated
with organic matter. While Muller et al. (1978) observed greater proportions of Pu in the
organic fractions of Ohio soils, results from Buzzzard’s Bay and Lake Michigan are all in

good agreement with results from the present study.

Acid leachable Fraction (F5)

A minor percentage of both elements are associated with lithogenic phases and
accessible by harsh treatments (Table 7:3). The relative proportions of 239Pu, 24OPu, and
>TNp extracted by the HNO; treatment ranged from 6 to 15 percent. These results are in
good agreement with the majority of the previous studies, but they are significantly
different from the results published for sediments collected near Mayak, which indicated
that this fraction contained between 40 and 94 percent of the total Pu (JNREG, 1997)
(Table 7:4). This difference may indicate a difference in partitioning behavior of material
originating from Mayak, but it is most likely due to the use of NH,-OH-HCI as the

reducible phase extractant. If one compares the results of Edgington et al. (1976) for
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LM-H-5 (method B, reducible plus exchangeable; see Table 7:4), only 10% of the
plutonium was extracted. Assuming that the treatment of this sample with hot
concentrated HNO; following method B would result in the extraction of the remaining ~
90%, the results of INREG (1997) are explainable. However, the large percentage of
plutonium and neptunium (this study) observed in association with the CDB extractable

fraction clearly demonstrates that the contaminants are not truly refractory.

Refractory Fraction (F6)

The relative proportions of 2Py and 2*°Pu extracted by totally digesting the
sediment residues in HF:aqua regia treatment were 1-3 percent for all sediments except
for those collected from the Itrysh River, which contained ~10 percent of the total 29y,
The relative proportions of 2"Np were <1 percent for all sediments. A relatively larger
fraction of plutonium in sediments from the Irtysh River, which likely contain
contamination as a result of weapons tests at Semipalitinsk, supports the existence of

plutonium that is in an acid leach resistant form.

Comparison of py, 2Py, and 237Np measured in bulk sediments and fraction totals

A comparison of the 29py, 2°Pu, 2'Np concentrations measured in bulk
sediments and the fraction totals for each isotope are given in table 7:6. In general, mass
balances between summed fractions and bulk sediments are good. For each sample, the
total ’Np concentration (i.e. sum of all fractions) was within * 26 of their corresponding

bulk sediment values. This demonstrates that the extraction methods employed are
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robust and that any material lost during the extractions was insignificant. Pu isotopes

exhibit some variability between summed fractions and bulk sediments, most notably 94-

10A (39-40). These discrepancies are similar to those observed between replicate

analyses in some samples and are likely further evidence of heterogeneous distribution of

plutonium derived from non-fallout sources (see Chapter 4 for details). An examination

of the total extracted and bulk sediment >*’Np concentrations indicates that mass balance

is good for 94-10A (39-40), which precludes significant mass loss during sequential

extraction as the cause of very different plutonium concentrations.

Table 7:6 Concentrations* of ®°Pu, *°Pu and *’Np for Fraction Totals and Bulk Sediments

Sample X Fractions Bulk Sediment X Fxns/Bulk Sed.

94-078B (3-4) 8.148 + 0.147 8.234 +0.063 0.99 + 0.02

#pu 94-10A (39-40) 18.111 £ 0.184 259.720 + 3.283 0.07 + 0.00
(10")  95-04 (7-8) 15.369 + 0.131 16.929 1+ 0.165 0.91+ 0.01
(atoms/g) 95-04 (16-17) 16.126 + 0.189 16.457 = 0.658 0.98 + 0.04
95-13 (16-17) 5.532 + 0.083 6.190 + 0.218 0.89 + 0.03

94-078 (3-4) 1.366 + 0.036 1.375 + 0.020 0.99 + 0.03

%Py 94-10A (39-40) 3.272 + 0.056 13510 + 0.205 0.24 + 0.01
(10")  95-04 (7-8) 1.627 £ 0.042 1.877 +0.034 0.87 + 0.03
(atoms/g) 95-04 (16-17) 2.130 + 0.040 2.172 £+ 0.087 0.98 + 0.04
95-13 (16-17) 0.828 + 0.032 0.870 + 0.033 0.95 + 0.05

94-078B (3-4) 9.586 + 0.180 9.600 + 0.097 1.00 £ 0.02

237N7p 94-10A (39-40) 9.248 + 0.140 9.075 + 0.190 1.02 1+ 0.03
(10")  95-04 (7-8) 19.928 + 0.245 19.147 + 0.245 1.04 £ 0.02
(atoms/g) 95-04 (16-17) 11.016 + 0.166 11.526 + 0.461 0.96 + 0.04
95-13 (16-17) 2.89210.109 2.835:0.128 1.02 + 0.06

*All concentrations are given in atoms/g of dry sediment prior to the first extraction. Uncertainties are given

in + 1 sigma.

Comparison Pu and Np isotopic composition of bulk sediments and leached fractions

One of the objectives of the present study was to determine if contaminants

originating from different sources are partitioned into distinct solid phase reservoirs. By
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employing the same approach as that used for bulk sediments (chapter 4), the 240py/M°py
and 237Np/239Pu isotope ratios measured in each fraction can be compared to published
values for global fallout and other known or suspected sources. The ability to achieve
reasonable precision when calculating the isotopic composition of individual leached
fractions is limited by low quantities of 29py, 2%py, and 237Np present in some cases.

For discussion purposes, all fractions are regrouped into two distinct geochemical
fractions: Accessible (F1 through F4) and Refractory (F5 and F6). This is a reasonable
division given that any Pu or Np associated with fractions F1 through F4 could be
affected by environmental processes. In contrast, Pu and Np requiring strong acid
treatments for removal from sediments are reasonably characterized as irreversibly bound
and environmentally unavailable, hence refractory.

A comparison of 240py/2%pu isotope ratios ( 26) calculated for accessible and
refractory fractions and the * 2¢ 240py/?puy for global fallout is shown Figure 7:2. The
240pyy/23%py observed in accessible and refractory fractions ranged between 0.11 and 0.18.
The 2*°Pu/**°Pu ratios observed in the accessible fractions of 94-07B (3-4) and 95-13 (16-
17), as well as both accessible and refractory fractions of 94-10A (39-40), and are
indistinguishable from global fallout. The 240py/2%Puy ratios in the refractory fractions of
both 94-07B (3-4) and 95-13 (16-17) are significantly different from both global fallout
and their corresponding accessible fractions. These observations clearly demonstrate the
presence of an isotopically distinct source of plutonium of a refractory nature. The
refractory 240py/?°Pu ratios in all samples except 94-10A (39-40) are essentially identical

and have a mean ratio value of 0.123 £ 0.001 (16). The presence of similarly low
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299pyy/2Puy ratios in refractory fractions of sediments from the Ob and Irtysh Rivers
suggests either a source of refractory plutonium in each river or one that is common to
both rivers. Interestingly, both samples from the upper Ob River show no difference
between accessible and refractory fractions. This suggests two possible scenarios: 1) A
single source of low ratio plutonium that is common to more than one tributary and
associates with both accessible and refractory sedimentary phases. 2) Two (or more)
sources with similar plutonium isotopic compositions that associate with the accessible
and refractory sedimentary phases, respectively.

The Z"Np/*°Pu ratios (+ 26) calculated for the accessible and refractory fractions
are shown in Figure 7:3 along with values for global fallout and Semipalitinsk. The most
obvious feature is the similarity between the accessible fraction in 94-07B (3-4) and both
the accessible and refractory fractions in 95-04 (7-8). They exhibit Z"Np/Pu ratios that
are elevated well above global fallout and are only observed in the upper Ob River. This
is true for the extracted fractions as well as bulk sediments. With regard to the two
different samples from the upper Ob River, both exhibit similar 240py/>Py ratios but
have very different 2*’"Np/>°Pu ratios. Additionally, a comparison of the isotopic
compositions of accessible and refractory fractions extracted from upper Ob River
sediments reveals no difference within each sample. This seems to indicate that
contamination originating from Tomsk-7 contains variable amounts of ZINp but is
partitioned similarly between accessible and refractory sedimentary phases. Another
noteworthy feature is the similarity between the fractions in 94-10A (39-40) and 95-13

(16-17), which suggests a link between contamination in the delta sample and
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material in the Irtysh River. This is interesting for several reasons, the bulk sediment
isotopic composition as well as the 20py,/7°Pugy ratio (i.e. A **°Pu between replicates/A
2Py between replicates) determined from replicate analyses of 94-10A (39-40) (see
chapter 4) are consistent with contamination from Semipalitinsk. The 20py/*Pu and
23)7Np/239Pu ratios calculated from the totals extracted are 0.181 and 0.511, respectively
(see Table 7:6), which indicates that bulk sediment isotopic analysis of this sample would
have identified global fallout as the only source. Selective extraction evidence that also
suggests that the source of non-fallout contamination is Semipalitinsk demonstrates the
ability of this technique to identify the presence of non-fallout at low levels. It also
further supports the idea that the non-fallout contamination in this sample is not
distributed homogeneously.

Samples collected from the upper Ob and Irtysh Rivers exhibit different non-
fallout 237Np/239Pu ratios but very similar 249p\y/23%Pu ratios in their refractory fractions.
This suggests that the refractory phases in sediments from each river contain

contamination originating from different sources.

Fractionation

A thorough discussion of the implications of the Np isotopic data presented in this
study would not be complete without considering the possible effects of geochemical
fractionation. The environmental implications of CDB-extractable plutonium and
neptunium are unclear. Kung et al.(1998) measured Eh values between —700 and —

500mv (pH=7) during the first 4 hours of CDB extraction. While specific redox data are
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unavailable for the Ob region, the presence of large areas of low-lying swamps that trap
sediments as well as organic material implies that anerobic environments are likely. 'The
values measured by Kung et al. (1998) during CDB extraction however, are well below
those estimated in the natural environment (see Figure 7:4 from Garrels and Christ
(1965). Furthermore, given the very low Eh values observed by Kung et al. (1998), it is
entirely reasonable to assume that Pu and Np are reduced along with Fe**. Given the
increase in K4 values of tetra and trivalent plutonium, the presence of reducing conditions
may not necessarily lead to its increased mobility (Edgington 1981). However, it is
important to attempt to establish whether or not significant post-depositional migration
has occurred and influenced estimates of the nature and distribution of end members in
sediments.

There are many features of these data, which strongly argue against post-
depositional migration of Pu, Np, and Cs in sediments from the upper reaches of the Ob
River, its major tributaries, and the Ob delta. The global fallout pattern is preserved in
nearly all cores and radionuclide distribution profiles largely co-vary both within and
between sediment cores from different locations. Although there is some variability
between cores with regard to spreading observed in the radionuclide profiles, several
provide evidence of the bimodal pattern of global fallout (e.g. 0B94-07B, OB95-13).
Other cores, collected primarily in the delta, do show evidence of greater spreading (e.g.
0OB94-08, 09, and 13). However, there is no evidence of dispersion that cannot be
accounted for by limited post-depositional mixing. It is important to remember that the

resolution of radionuclide profiles is a function of sedimentation rate and sampling
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interval (1 cm for most cores, 2 cm for OB94-08). In cores where accumulation rates are
low, artifacts as a result of sampling will contribute to the observed spreading.

Many samples (~ V%; see Table 6:2; fallout = 1- non-fallout) exhibit global fallout
INp/~°Pu and 137Cs/**°Py ratios. This includes samples from all cores and all depths
and demonstrates no post-depositional migration of global fallout contamination.
Contamination derived from weapons production facilities and Chernobyl howevér, must
be assessed as well.

Many radionuclide profiles, where non-fallout contamination is confirmed by
isotopic ratios, contain steep concentration gradients that persist for decades. The best
example of this is the very sharp gradient observed in the distribution profiles of OB94-
10A (i.e. concentration spike ~1975). This feature could not persist, if post depositional
mobility is a significant factor. Concentration differences between replicate analyses of
this and several other samples indicate numerous cases where contamination (Pu and Np)

is not even even distributed through just one sample (1cm).
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To further rule out post-depositional migration, one can use the sharp
concentration gradients observed in core profiles (weapons and Chernobyl
contamination) to estimate the diffusion coefficient that would be necessary to maintain

such a gradient according to the following equation:

Co ~(Az%)

—m — exp| ————— eq. 7.1
Cone p[4~DB 'At] ¢a. 7.1
Where:

C..in is the baseline concentration at time of core collection (~1995)

Cax is the concentration maximum at time of deposition.

Az = the distance between the samples;

At = the time in seconds since deposition of Cp,x (i-€. collection date — deposition
age of Cpax)-

Dg is the diffusion coefficient necessary to maintain the observed gradient.

Resulting diffusion coefficients for several cases where contamination is
attributed to weapons sources or Chernobyl are shown in Table 7:7. The diffusion
coefficients for Pu, Np, and Cs derived from various non-fallout sources are exceedingly
small and range between ~1e-9 and le-10 cm’ s-1, indicating that diffusion is
insignificant. Furthermore, due to the assumption that the measured concentration of
Cmax (in 1995) equals the concentration delivered to the sediments at the time of
deposition, the estimates shown in Table 7:7 represent upper limits on the rates of
radionuclide diffusion. The results from these calculations strongly support the

conclusion that Pu, Np, and Cs from a variety of sources are tightly bound to particles.

237




(uoissnasip Wnuwixeuw Inojje; [eqojD) § Jeidey) 8es suOdWoD JNO|[e}-UOU JO BIBLIISS U Peseq 80 SO ., v
sasA|eue ajeol|dal sajeolpul yidep *wo = yidep Yy ,,
pejels asimuaL)o ssajun B/swoje up suoienusdsuo))

A YeAe 60-3¥S'L  G'G661 S'yS  80+30L°} €661 §'0s 80+309'2 nd,., 01-5680
qakig lAgousayp 60-350'9  S'G661 g9l  (B/wdp)eco 8861 g'er  (Bwudp) 6S°1 o) £4-6680
qig lAqoussypD 60-36€°L  S'G661 gyl (Bwdp)sgo /861 gzh  (b/wdp) goe $O,¢, 01-5680
96 NeAeN 0L-3S¥'S  S'v661 g'0r  v0+300°€ 196} S'€L  90+305°€ 80, »840-¥680
ays l-sWwo] 01-3y8'e  §'9661 G'0F  L0+3ES9 €861 S'0F  80+30t'E AN, 0-5680
eg:g suodeam 0-325°'L  S'¥661 S'6€ 80+318°} S.L61 S'6€ 60+309°¢C Nde, v01-$690
ainbig 82in0g P.w wo Jesh ~Hidep *ou0) by ‘deg  yidep « U0
8oualejey UBUIWEIU0Y 89 uono8loD U U Xewny Xewiny xawny adojos| ail 810D

SO)eWI}Se JusIdl}j800 UOISNYIp eplonuoipey Z:/ o|qel.

238



Selective leaching data presented in this study also provide evidence that the
majority of plutonium and neptunium form similar associations with sediments from
locations in the upper Ob and Irtysh Rivers as well as the delta. Approximately 80
percent of the total extracted plutonium and neptunium exhibit a distribution of similar
proportions within the reducible, carbonate, acid leachable and refractory (F6) fractions.
The fact that this is observed in sediments with different deposition ages and sample
locations, containing contamination derived from different sources strongly argues
against the large-scale selective mobilization of either neptunium or plutonium from river
particulate matter. Additionally, the fact that plutonium and neptunium are released from
sediments during the CDB extraction implies that this treatment must be more reducing
than the environmental conditions at sampling locations.

Approximately 20 and < 3 percent of the total extracted neptunium and
plutonium, respectively, are observed in the exchangeable and organic fractions (F1 and
F4). This suggests that a minor portion of the total neptunium may be affected by
environmental conditions that have little or no effect on plutonium. It is important to
keep in mind that the ability to separate Np from Pu in the laboratory is not proof that it is
occurring in situ. It is also important to remember that Pu and Np have substantially
different applications in the nuclear industry, and the isotopic composition of wastes
originating from a facility will be reflective of the different programs underway. The
accessible fractions in each sample account for most of the weapons related
contamination and exhibit 2’Np/°Pu ratios that are greater than or equal to global

fallout values. This is also true when ** 7Np/239Pu ratios were calculated without the ’Np
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contributions from the exchangeable and organic fractions, indicating that the loss of the
237Np contained in these fractions is minimal. It is worth noting also that samples were
selected for sequential extraction based on non-fallout bulk sediment isotopic
compositions, not based on the suspicion of fractionation of neptunium from plutonium
(see below).

Data from the Ob and Taz estuaries provides some evidence for fractionation of
Np from Pu at these locations. Cooper et al., (2000) have suggested this mechanism to
explain characteristically low 237Np/239P*u ratios measured in a surface grab from the Ob
estuary. Interestingly, their data are quite similar to results in this study from the Taz
estuary (OB94-13), a core that was taken only 124 km away from the site sampled by
Cooper et al. (2000). Both sample locations are near the southern limit of seawater
penetration at Cape Kamenny (Ivanov et al., 1995). As discussed in Chapter 6, if
fractionation is not occurring, the tight clustering of 237Np/239Pu values ~0.3 for both
Jocations and 2*°Puw/?**Pu values indistinguishable from global fallout require addition of
a 237Np—depleted source with a global fallout 2*°Pu/*°Pu ratio. Further, input of the
proportion of this material must remain constant over the period of large changes in
global fallout deposition rate. This seems highly improbable; leading to the conclusion
that a fractionation process occurs in these sediments. Cochran et al. (2000) observed
similar depletions in suspended sediments from the Taz and Ob estuaries (sampled at
core locations), but failed to observe systematically low >’Np/>*Pu ratios at upriver sites.
Whatever the origin of low 2>’Np material in the Taz and Ob Estuaries, there is no

evidence to support substantial fractionation in the delta or at upstream locations.
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Conclusions

The main goals of this sequential extraction study were to test the assumptions
made concerning the reversibility of adsorption of plutonium and neptunium, and
determine if contaminants originating from the various sources are partitioned differently
between solid phase reservoirs.

Selective leaching data indicate the majority of the total extracted plutonium and
neptunium exhibits a distribution of similar proportions within many of the extracted
fractions, with the largest percentage of both elements being observed in the reducible
fraction. The environmental implications of the reducible fraction are unclear. Although
an association of plutonium and neptunium with redox sensitive elements is likely,
available data indicate little if any selective mobilization of plutonium or neptunium is
occurring. Minor amounts of neptunium partition differently in sediments and are
associated with the exchangeable and organic phases. The isotopic data discussed in this
section suggest that plutonium and neptunium are strongly bound to particulate matter,
and that the equation of contaminant transport with contaminated sediment transport is
entirely reasonable in the Ob delta and upstream locations. Finally, there is clear isotopic
evidence that suggests some non-fallout contamination has a refractory nature. However,
the amount of this material present in the samples analyzed is small compared to the

amount of contamination in accessible fractions.
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Chapter 8

Contaminated sediment transport rates

and contribution estimates from suspected source tributaries

The main goal of this chapter is to obtain estimates of the time required for
contaminated sediments to pass down the river from the upstream sources identified.
These estimates are based on the isotopic composition measured in sediment cores
collected at a variety of locations and their corresponding chronologies. Initially, the
relationship between distance (i.e. between core locations) and time (i.e. difference in
deposition age) of unique isotopic ratio ‘signals’ is examined, and first order rate
estimates are obtained. Using a slightly different approach, isotopic ratios in the delta for
a given year are modeled as a function of the isotopic composition of material measured
in each source tributary for successively earlier years, plus a global fallout component.
Analysis of model fit residuals obtained from different time lags between source
tributaries and delta locations allows further assessment of transport rates. Based on the
modeled isotope ratios, it is also possible to estimate the contaminated sediment
contributions from each source tributary in Ob delta sediments, which may be compared

to the estimated total suspended sediment contributions of each tributary.

Contaminated sediment transport rates

A straightforward method of arriving at the rate of contaminated sediment

transport is to use deposition ages of unique isotopic compositions that can be identified
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in the upper Ob region and are clearly present in the delta. The distance between the
locations of cores that contain a specific contaminant ‘signal’ relative to the difference in
deposition ages allows transport rates to be estimated. From the contaminant records in
Chapter 6, there are two cases where these criteria are met. The clearest case is the
237Np/239Pu ratios, elevated well above the global fallout value, which are observed in the
upper Ob river and in the Ob delta (OB94-07B and OB94-10A) during the mid-to-late
1980s. The second case is the '*’Cs/**°Pu ratios, also elevated well above the global
fallout value, which are observed in both the Tobol and Irtysh Rivers and in the Ob delta
(OB94-07B) during the mid to late 1960s. While there is isotopic evidence suggesting
that this material likely originates from the Tobol River (i.e. Mayak) and is a result of the
Lake Karachai wind-transfer event, the origin of this material makes little difference with
regard to transport rates. The distances to the delta from the core locations on the two
tributaries are similar and the '*’Cs/**°Pu features have similar deposition age estimates.

Table 8:1 summarizes the contaminated sediment transport rate estimates based
on the first appearance and maximum of the isotopic ratio profile features discussed
above. In sediment cores where 2'°Pb,, profiles yielded deposition ages estimates that
were consistent with those obtained by the radionuclide horizon method (RHM), both
ages were used in transport rate calculations. Additionally, transport rates are estimated
using the '*’Cs/**°Pu features in both the Tobol and Irtysh Rivers as the source of the
elevated *’Cs/**°Pu ratios in the delta (OB94-07B; see Figure 4:1 for locations). The
main conclusion is that contaminated sediments transit the distance between source

tributaries and delta on the order of ~1 year or less although some variability is observed

246




in the estimated transport rates. Most notably, the differences in transport rates estimated
for the "Np/**Pu first appearance and maximum in OB94—10A and the negative values
estimated by RHM ages for the 137Cs/?**Pu first appearance and maximum in OB95-13
(shown in parentheses). The variability in transport rates falls within deposition age
uncertainties for the respective features in each core, and all of these estimates, including
negative A age values, support the transport of contaminated sediments from source to
delta in ~1 year (or season).

A comparison of sediment transport rate estimates to water transéort rates in the
Ob is useful in determining whether or not sediment transport rates are plausible (i.e.
sediment transport rates should be < water transport rates). Linear transport rates for
water are based on measured water discharge and river cross-sectional area, which is in
turn a function of the physical river cross-section and river flood stage (i.e. water depth)
at a particular location. While one can expect some variability in water transport rates
through time and at different locations, rates determined in 1995 at several locations
throughout the year range between .38 and 1.39 m s (R.H. Meade, personal
communication). These are 1 to 2 orders of magnitude greater than transport rates
estimated for contaminated sediments (0.009 to 0.123) and not inconsistent with sediment

transport rates. Since transport is likely associated with peak discharge months (May
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through July), the estimated sediment transport rates represent lower limits (R.H. Meade,
personal communication).

In an effort to further constrain contaminated sediment transport rates, a simple
model was formulated based on the following assumptions. 1) Plutonium, neptunium,
and cesium are irreversibly bound to particles. 2) Radioactive contamination in the Ob
delta (i.e. OB94-07B and 10A) is a mixture of contamination observed in the upper Ob,
Tobol, and Irtysh Rivers, plus some fraction of global fallout. 3) The influence of other
unknown non-fallout sources is negligible. 4) Sediments added to the suspended load
between upstream (source) and downstream locations (i.e. erosion or sediment exchange)
are characterized by the isotopic composition of global fallout. It is important to note that
contaminated sediments from the source tributaries contain a substantial fraction of
global fallout contamination. No attempt is made here to separate global fallout from
non-fallout contamination in the source tributaries. The observed isotopic composition
for each year in each tributary is treated as an end-member (see below).

For sediment cores OB95-04, OB95-10, OB95-13, OB94-07B, and OB9%4-10A,
the inventories of 239Pu, 240py,, »237Np, and '*’Cs were calculated for each core section,
which were then binned according to deposition year and the annual inventory of each
isotope was calculated. In cases where binning resulted no sample for a particular year,
inventories were interpolated based on the average of the inventories in the year
immediately preceding and following the ‘missing’ year. Based on the annual isotope

inventories, the 240py/3%py, 237Np/239Pu, and "*’Cs/**®Pu ratios were calculated for each
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Figure 8:1 Yearly *°Pw/***Pu and 237Np/mPu isotopic ratios of source tributaries used in
model. Dashed line represents average global fallout values (Kelley, Bond et al. 1998).
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year. Figures 8:1 and 8:2 show the yearly isotopic compositions for the source
tributaries.
According to the assumptions made above, contamination in the delta cores for

any given year can be described by the following equations:

Rlp=F1 X Rlgp + F2 X Rlqe, + F3 X R1j + F4 X Rlgr (eq. 8.1)
R2p=F1 X R20p + F2 X R270y + F3 X R2j + F4 X R2gF (eq. 8.2)
R3p=F1 X R30p + F2 X R310, + F3 X R3}; + F4 X R3gF (eq. 8.3)
1 =F1+F2+F3+F4 (eq. 8.4)

R1, R2, and R3 correspond to 2*°Pu/*°Pu, 237Np/mPu, and *’Cs/**°Pu ratios,
respectively. F1, F2, F3, and F4 correspond to the fraction of the total contamination in a
delta sample that originates from the upper Ob, Tobol, Irtysh, and global fallout,
respectively, which must sum to one. This formulation results in four simultaneous
equations, which are linear in four coefficients (i.e. the fractions F1 through F4), and thus

can be solved uniquely by linear least-squares techniques for each year. This leads to the

following matrix equation:

R,] [R, R, R, 018] [F,
Rip|_|Ra Rn Ry 048] |F
R R, R, R, 045| |F

—

N

(eq. 8.5)

W

3D

1 1 1 1 1 F,

w

£

Due to measurement and deposition age uncertainties, however, there was not
always an exact solution. An additional constraint needed to obtain meaningful results is
that all coefficients must be > 0. In order to force the model to consider only positive

solutions, the Matlab® function LSQNONNEG (Least squares non-negative) was used.

252




Initially, the isotopic ratios of the delta cores and one from the lower Irtysh River
(OB95-06) were fit for each year using the ratios observed in the source tributaries for
that same year. This would be the case if contaminants arriving at core locations in each
of the source tributaries are transported to sediment core locations in the lower Irtysh and
Ob delta all in the same year. Following this, the isotopic ratios of the cores were fit for
each year using the ratios observed in the source tributaries for successively earlier years,
simulating successively slower transport rates. For each core, the RMS of the residual
was compared between model rl;ns using different lag times. The lag time resulting in
the best fit of the isotopic data (i.e. the lowest RMS of the residual) yields an estimate of
contaminated sediment transport rate.

A comparison of the residuals vs. lag year and the corresponding best fits
compared to measured isotopic ratios for each core are shown in Figures 8:3 through 8:5.
For all three cores, the best fit was obtained with a time lag of O to 1 years; model runs
with longer lag-times resulted in poorer fits. These results are in good agreement with
transport rates estimated by the first method. In OB94-10A (see Figure 8:4), the isotopic
data was compiled with (gray line) and without (black line) the low ratio replicate (i.e.
the large departure towards non-fallout end-members, which appears ~ 1975 and is
represented by the single circle. The RMS of the residuals for both cases are shown, and
an improvement is observed in the overall model fit with the low ratio replicate excluded.
The improvement of the model fit at a 10-year lag with the low ratio replicate included

may indicate that some of the contamination is transported at a slower rate. Even the best

fit obtained with the low ratio replicate included however, is poor compared to the fit
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RMS of the Residual vs. Time lag for delta core OB94-07B
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Figure 8:3. Model results for delta core OB94-07B. Top figure shows the RMS of the
residual for model runs using 0 to 10 year lag period (see text for details). Bottom figure
shows model output where the RMS of the residual reached a minimum.
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Figure 8:4. Model results for delta core OB94-10A. Top figure shows the RMS of the
residual for model runs using 0 to 10 year lag period (see text for details). The gray line
indicates the RMS of the residual for model runs with the low ratio replicate included in
the data set; the black line indicates the RMS of the residual for model runs without the
low ratio replicate. Bottom figure shows model output where the RMS of the residual
reached a minimum (low ratio replicate excluded, but shown as a reference).
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RMS of the Residual vs. Time lag for lower Irtysh

1.2
1.0 -
Minimum at 0 year lag
E 0.8 -
E
[72]
Q
o
2 061
ks
)
= 04
i
0.2 -
0.0 { T r ; ; .
0 1 2 3 4 5 6 7
Lag (year)
e ralio Mmeas. .
- mome. Data vs. Model Fits lower Irtysh core; Lag = 0 year
1995 1995 - 1995
1994 - 1994 - 1994 -
1993 - 1993 ] 1993 -
1992 - 1992 - 1992 -
» 1991 4 1991 - 1991 -
o
L
1990 - 1990 - 1990 -
1989 - 1989 - 1989 -
1988 - 1988 - 1988 -
1987 - 1987 - 1987 -
1986 —r—— 1986 = 1986
0.00 0.05 0.10 0.15 0.20 0.0 0.5 10 0 1 2 3 4
240Pu/239pu 237Np 39Pu 137CS/240PU

Figure 8:5. Model results for lower Irtysh core OB95-06. Top figure shows the RMS of
the residual for model runs using 0 to 7 year lag period (see text for details). Bottom
figure shows model output where the RMS of the residual reached a minimum.
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obtained at a 1-year lag with the low ratio replicate excluded. This demonstrates the
sensitivity of the model to a single sample. The results are not surprising, given the
formulation of the model. None of the sediment cores collected from source tributaries
exhibit very low 2*°Pu/°Pu, ZINp/PPuy, or 137Cs/**%Pu ratios that correspond to those
observed in OB94-10A during the period 1965 to 1975 (i.e. the period of time-lag
analysis). While clearly non-fallout ratios confirm the presence of contamination derived
from sources other than global fallout, replicate analyses fail to show consistent results
(in OB94-10A and 07B) where low 240py/23%py ratios are observed. This suggests that
low ratios observed in only one replicate are not necessarily representative of the bulk of
the weapons related contamination for the entire sample.

In the delta cores, the model fits for 23’7Np/239Pu and ¥’Cs/***Pu ratios are
generally better that the resulting fits for the 240py/>°pu ratio. This is especially true
where large contributions from the upper Ob River are required to fit the data. This is a
consequence of consistently low 240py/?°puy ratios observed in the upper Ob River while
2INp/°Pu and P Cs/**®Pu ratios change dramatically (see Figure 6:7a). The fact that
high 237Np/?'39Pu ratios measured in delta cores are not accompanied by low 240py/3°py
ratios is problematic, but is likely due to the model formulation (i.e. the only source of
elevated 2"Np/>°Pu ratios, upper Ob, also has low 240py/%Py ratios), rather than
independent transport of neptunium and cesium versus plutonium. The isotope ratio
mixing plot shown in Figure 6:14 suggests that two different components are present in
the waste stream originating from Tomsk-7 (i.e. one characterized by low 20py/9py

ratios and another characterized by high 2Np/>°Pu ratios). The 2Np enriched

257




component may be have a >’Np/*°Pu ratio that is > 2.11 and a ***Pu/?°Pu ratio ~0. 14;
these ratios were observed in one sample. The isotopic composition of the % 7Np/mPu
maximum in OB94-07B has a *°Pu/***Pu and a ZTNp/Pu of 0.166 and 1.16,
respectively. If the 2*'Np enriched material originating from Tomsk-7 has a constant
isotopic composition, which is similar to the one observed in the single sample from the
upper Ob River, the isotopic composition observed in the delta sample is explainable by a
mixture of global fallout and contamination from Tomsk-7 in the proportion of ~2:1.

The model fits for the isotope ratios in OB95-06 are also generally good, the
largest exception being the 2**Pu/*°Pu ratios elevated above global fallout, which are not

observed in either the Tobol or Irtysh Rivers.

Contaminated tributary sediment vs. global fallout contributions
In addition to providing contaminated sediment transport rate information, the

model described above also gives estimates of the global and contaminated tributary
sediment contributions (i.e. the fractions F1 through F4). It is important to remember that
contaminated sediments originating from suspected source tributaries also contain a
component of global fallout (see model assumptions). Figures 8:6 through 8:8 show
these results, presented in two different ways. First, the total contaminated tributary
sediment fraction is compared to the global fallout fraction, and second, the contaminated

tributary sediment contributions from the source tributaries are compared relative to each

other.
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Global Fallout vs. Total Contaminanted Tributary Sediment Fraction
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Figure 8:6. Model results for delta core OB94-07B (1-year lag). Total contaminated
tributary sediment fraction vs. global fallout fraction (upper figure). Relative
contaminated sediment contributions from the source tributaries (lower Figure).
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Global Fallout vs. Total Contaminanted Tributary Sediment Fraction
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1.4

EN GFF delta core: OB94-10A

1.2 C— TCTSF

1.0 als
0.8 lI " :

0.6

04

Contaminant Fraction

0.2

0.0 T T
1955 1960 1965 1970 1975 1980 1985 1990 1995

Relative contaminanted sediment contribution from Source Tributaries
lag = 1 year

14 1 | mEN uOB

Tob delta core: OB94-10A
-t

1.2 1

1.0

0.8 |

0.6

0.4 4 :

0.2

0.0 4Ll -1l ;
1955 1960 1965 1970 1975 1980 1985 1990 1995

Relative contribution to contaminated sediment fraction

Year

Figure 8:7. Model results for delta core OB94-10A (1-year lag, low ratio replicate
excluded). Total contaminated sediment tributary fraction vs. global fallout fraction

(upper figure). Relative contaminated sediment contributions from the source tributaries
(lower Figure).
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Figure 8:8. Model results for lower Irtysh core OB95-06 (0-year lag). Total
contaminated tributary sediment fraction vs. global fallout fraction (upper figure).

Relative contaminated sediment contributions from the source tributaries (lower Figure).
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The total contaminated tributary sediment fraction and the global fallout fraction
sum to one in nearly all years (allowing for some uncertainty due to measurements and
deposition age estimates, etc.), indicating that overall, the fraction balance is quite good
(upper figures). In the delta cores and the one from the lower Irtysh River, some annual
horizons contain only global fallout or only contaminated tributary sediment, while others
contain some contribution from both.

It is important to remember that these data only give information about the
contaminated load, not the total sediment load. For example, an annual horizon in the
delta where the model solution indicates only global fallout contamination could mean
one of two things: 1) Contaminated sediments in the delta had an isotopic composition
similar to global fallout and different from the isotopic compositions observed in the
tributaries for a particular lag year. 2) The isotopic compositions in the source tributaries
and the delta were all indistinguishable from global fallout. The second case would have
resulted in a matrix singularity during the model run, which did not occur. This supports
the first case as the likely explanation.

In terms of the core locations, there are really two mechanisms, which could
result in the contamination of sediments by global fallout (i.e. direct deposition during the
period of atmospheric tests and/or wash-in of global fallout contaminated sediments).
Prior to ~1965, it is impossible to resolve which mechanism is the primary means of
contamination; it is likely some combination of the two. After 1965 however, global
fallout deposition was significantly reduced, and annual horizons that contain only global

fallout must be primarily a result of wash-in. A comparison of global fallout and
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contaminated tributary sediment fractions in the two delta cores suggests that the sources
of contaminated sediments to each location differed throughout most of the period 1955
to 1995.

Conversely, annual horizons in delta sediments indicating dominance of the
contaminated tributary sediment fraction does not mean that global fallout is not present.
Rather, they indicate that the observed isotopic composition in the delta can be explained
by some linear combination of contamination observed in the suspected source
tributaries, each tributary likely containing some unresolved fraction of global fallout
contamination (see model assumptions). During the period 1986 to 1995, both OB95-06
and OB94-10A contain some combination of global fallout and contaminated river
sediments, while OB94-07B contains primarily contaminated river sediments. This is
likely related to the relatively higher sedimentation rates estimated during this period for
0OB95-06 and OB94-10A compared to OB94-07B, which are ~ 6, 4, and 0.5 cm yr'l,
respectively. It suggests that environments experiencing high rates of sediment
deposition may receive larger portions of sediments that were previously contaminated
by global fallout deposition. This would be the case if bank erosion, sediment slumping,
etc. were contributing to the contaminated sediment load in the high deposition rate
environments.

A comparison of contaminated sediment contributions from source tributaries
relative to each other (lower figures) reveals an interesting feature. In approximately 50
percent of annual horizons where the model indicated contaminated sediment

contributions from source tributaries, only a single tributary is indicated. Furthermore, in
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the majority of cases where contributions from more than one river are indicated in the
delta, it is the upper Ob River plus either the Tobol or the Irtysh River. There are
relatively few years where contaminant contributions from both the Tobol and the Irtysh
Rivers are indicated.

One of the features not discussed in Chapter 3 concerning the hydrology of the Ob
and its major tributaries is the progression of annual flooding from south to north. This
begins first on the Irtysh River and gradually moves north to include the Ob River as
spring thawing continues. In most years, there is a delay of flood wave movement in the
upper Ob compared to the Irtysh (Paluszkiewicz, Hibler et al. 1997). This type of regime
could have important ramifications with regard to contaminated sediment transport from
each tributary to the delta. Under the flood regime described above, the source of
sediments reaching the delta at any given time during the spring flood would strongly
depend upon which river was flooding. Given the difference in latitude of the areas
drained by the Irtysh, Tobol, and Ob, it is conceivable that each river dominates the
contaminated sediment load at different times during the spring flood. Given the
stochastic nature of the flooding process, it is also possible that the sites where sediment
cores were collected did not receive a constant supply of sediments during the spring
flood progression.

While available hydrographic data are not of sufficient resolution (geographically
or temporally) to clearly resolve the flood progression of each river, a scenario similar to
the one outlined above is supported by the isotopic data. As mentioned at the end of

Chapter 6, one of the inconsistencies encountered in this study are the isotopic ratios
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measured in the lower Irtysh River and the Ob delta (OB94-07B) that suggest the
presence of contamination that can be linked to Mayak. Under a hydrologic regime
where each river floods sequentially, it is plausible that the contaminated sediment load is
dominated by contributions from each suspected source tributary at different times
throughout spring flooding.

Another factor that could play an important role in contaminated sediment
transport is the sediment grain-size distribution in the suspected source tributaries.
Although this has not been assessed in the current study, it is expected, given the increase
in surface area, that the majority of particle reactive contaminants such as Pu, Np and Cs
would be associated with the finest particles. Differences in grain-size distribution
between sediments originating from the Tobol, Irtysh, and upper Ob rivers could be
important to better understanding contaminant transport. This is especially true if
sediments originating from the Tobol contain a higher percentage of finer particles

relative to the Irtysh and Tobol Rivers.

Summary

The data and modeling results presented in this chapter are in good agreement and
suggest that it takes between 0 and 1 years for contaminated sediments originating from
the upper Ob, Irtysh, and Tobol Rivers to be transported to down stream locations.
Results also suggest that a hydrographic mechanism, likely related to the spring flood
progression, allow each river to dominate the contaminated sediment load that is

transported to downstream locations at different times through out the period 1955 to
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1994. These data have important implications with respect to the large inventories of
radionuclides in storage reservoirs and tanks at both Mayak and Tomsk-7. Assuming
similar transport rates for contaminated sediments in the upper Ob and the Techa-Iset-
Tobol system, large releases of contaminants at these locations could result in measurable
levels in the delta within 1 to 2 years. Although the isotopic ratios are very useful for
identifying the source of contamination in sediments collected from the lower Irtysh

River and Ob delta, their use is limited in assessing the total flux of contaminated

sediments from each source.
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Chapter 9

Conclusions

The objectives of this study were to depict the history of nuclear weapons related
contamination in the Ob River system and obtain better understanding of the transport
and mobility of these materials in a large arctic river system. In pursuit of these goals, a
rapid, low cost plutonium and neptunium analysis method was developed. Down core
distributions of the weapons related isotopes 29py, 2%pu, 'Np and 7Cs in sediment
cores collected from flood plain lakes in Ob delta, the Ob, Irtysh, and Tobol Rivers, and
one core from the Taz estuary were measured. Similarities between deposition ages
suggested by 219pp,, and the timing of the deposition of radionuclides associated with
global fallout and contamination from the Chemobyl acciden; have been used to develop
time scales for down-core isotope distributions. The atom ratios 240py/2%pu, 'Np/*°Pu
and ¥’Cs/**°Pu have been used to characterize contamination originating from the
various weapons related sources in the Ob River basin as well as to differentiate between
local sources and global fallout.

The different isotopic recqrds observed in cores from the Ob delta suggest several
important points. 1) Global fallout is the dominant source of weapons related
contamination in the Ob delta. 2) Contamination derived from the nuclear facilities,
Mayak, Tomsk-7, and Semipalitinsk has been transported the full length of the Tobol,
upper Ob, and upper Irtysh Rivers at various times throughout the period from 1950 to

1995. 3) There is clear evidence linking non-fallout contamination in Ob delta sediments

to sources located on the upper reaches of the Ob River as well as the Tobol and/or the
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upper Irtysh River (i.e. Tomsk-7, Mayak, and/or Semipalitinsk, respectively). 4) In some
cases delta sediments show evidence of non-fallout contamination at least as recent as
1995 (i.e. core collection), indicating the potential for future contamination of the Ob
delta as a result of activities at nuclear facilities.

Selective leaching experiments indicate the majority of the total plutonium and
neptunium exhibits a distribution of similar proportions within many of the extracted
fractions, with the largest percentage of both elements being observed in the reducible
fraction. While the CDB-extractable fraction does not likely simulate environmental
conditions in the Ob region, they do imply an association of plutonium and neptunium
with redox sensitive elements. Available data indicate however, that little if any selective
mobilization of plutonium, neptunium, or cesium is occurring and that they are strongly
bound to particulate matter. Minor amounts of neptunium partition differently in
different sediments and are associated with the exchangeable and organic phases. Finally,
there is clear isotopic evidence that suggests some non-fallout contamination has a
refractory nature. However, the amount of this material present in the samples analyzed
is small compared to the amount of contamination in accessible fractions.

Transport rate estimates suggest that it takes < 1 year for contaminated sediments
originating from the upper Ob, Irtysh, and Tobol Rivers to reach the delta. Results also
suggest that a hydrographic mechanism, likely related to the spring flood progression,
results in different rivers dominating the contaminated sediment load that is transported
to downstream locations at different times through out the period 1955 to 1994. These
data have important implications with respect to the large inventories of radionuclides in

storage reservoirs and tanks at both Mayak and Tomsk-7. Assuming similar transport
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rates for contaminated sediments in the upper Ob and the Techa-Iset-Tobol system, large
releases of contaminants at either Tomsk-7 or Mayak could result in measurable levels in
the delta within 1 to 2 years (Note: increase in transport time is a result of including
additional transport of sediments between fuel reprocessing facilities and the main
tributaries studied).

Evaluation of radionuclide inventories contained in sediment cores collected from
various locations throughout the Ob region indicate that contaminant levels are
comparable to those measured in soils collected from mid-latitudes, which were

contaminated as a result of atmospheric weapons testing.

Future work

Additional research of radioactive contamination in the Ob region can be divided
into two categories: studies of fluvial sediments and processes and those involving
estuarine processes and input to the Arctic Ocean. Of particular interest is the grain size
distribution in the suspected source tributaries (i.e. the Tobol, Irtysh, and Ob Rivers) and
the Ob delta as well as the distribution of contaminants-among different grain size
fractions. Since the majority of Pu and Np are associated with the reducible fraction, this
relationship should be further explored using a variety of treatments that are less rigorous
than the CDB extraction. If possible, selective leaching experiments should also be
conducted on larger sediment samples in order to improve the precision to which Pu and
Np (and Cs) concentrations and isotope ratios can be determined for individual fractions.
Additional selective leaching experiments could also be performed on samples collected

at both Semipalitinsk and Mayak, which exist in the EML archives.
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In the estuary, the effects of seawater intrusion on the mobility of Pu, Np, and Cs
should also be more fully explored. These effects could be important with respect to
evaluating FSU fuel reprocessing facilities as potential sources of contamination to the
Arctic Ocean. Furthermore, if FSU fuel reprocessing facilities turn out to be a source of
contamination to the Arctic Ocean, it might also be possible to development

contaminants as tracers with which study water and ice transport.
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Appendix I

Sample Data Tables

Note: Data tables are organized by core, in increasing order (i.e. year/core
number). Data for each core are listed in three separate tables. Table 1 contains
physical parameters, 2lon, 2l4pp, 214Bi, and *'Cs activity measurements, and
deposition age model information. Table 2 contains 29py, 2%y, Z'Np
concentration data (atoms/g dry sediment) as well as 239200py; activity (dpm/g dry
sediment) for each sample (with replicates). Table 3 contains 240pyy23%py,
ZINp/~°Pu, ZINp/A%Pu, *'Pu/>Pu, 137Cs/**%Pu atom ratios as well as

239:2499py /37 Cs activity ratio (with replicates). Radionuclide half-lives used to
convert between atom concentrations and activities are as follows: 2*Pu (24119
y), 2°Pu (6564 y), **'Pu (14.4 y), 'Np (2.14 x 10° y), and *'Cs (30.1 y).

273




274




5661/1/1 O} pejdasod Aeoe(q ,

00056} ¥.'S 921964 - - - - - - £8°0 05’k v¥0 G€2  +28.09Z
69'1G61L 67'S O01'ES6L £0°0FS0°0- OL'0OFEY'0 OL'0OF 6E°0 YO'OF LG'L YO'OF09'L 600F66'L V60 95’k  O0¥'0 G2  €29.09Z
8E'€S61 G2'S V6'PS6L E0°0F 100 SL'OFLLO SL'OF 1L0 SOOFOV'L vO'OFOv'L LLIOF9L'E SOt £€9'L 980 S'le  228.09Z
90'6S61 00'S 89561 SO'0OFZL'0 LL'0OF820 9L'0F8Y'0 LOOF6S')L 90'0F6€°L GL'OFL8L 90t Yo't S0 G02 128097
GL'9G61 9Ly 29'8G61 SOOFYE0 8L'0F LS50 LLI'OF650 80°0F 9L 90'0F p¥'L 9L'0F €02 20°1 I9'L /80 S'6L  028.09Z
vP'8G61L 2S'P 9’0961 90°0F S¥'0 02'0F22'0 6L'0FEL'0 80°0F LGk LOOF 19k 8L'OFELL 20°) b9'L /0 S'8L 618097
€1°0961 LZ2'¥ 0£296L 200FS90 SOOFEOL SO0OFGO'L 200 LEL 200F 621 SOOFEELS 160 85k 680 G/ 818097
181961 €0'v ¥L'¥96L SOOF 690 8LOFGL'L 8L'0F96°0 LOOF8L'L SOOFLE'L LL'OFEEZ L60O 85t  6£0 §9L  L18.09Z
05'€96F 82°C 86'G961 20°0F89°0 90°0FL0°L 90°0F €0'L €0°0F 0L’} 20°'0F€€'} 90°0F 92 690 Zr't IS0 §'SL 918097
65'G961 VS'C 28'L96L L0'0FSZ L 020F L0k 020F2L'L 80'0F ¥yl LOOF6EL 8L'0OF 1S2 860 65t 80 GSYL  §18.09Z
89°/961 62'C 99'696L L0'0F8S'L 6L°0F 20t 6L°0F20°L 80O'0OFOL'L 90°'0F 9L'L BL'OF8EZ 650 S8t /S0 S€L  vi8.09Z
LL'6961 SO'€ 0S'L/61 20°0F 950 L0'0F20°t 90°0F 60 €0'0F80°'L 20'0F €L’k 90°0F 012 06'L v L0 §2L £18.L092
98'L/61 182 V€6l LOOF8S0 2ZO0F LL'L 120F¥2'L OL'OF 9Ll LOOFESL 020F9v'2 080 8L 90 SLL  218.09Z
G6'E/6L 952 81'SL6L €00F 90 0L'0F /80 6007 180 ¥00F¥2'L €00F 621 600F L1'Z S80 IS'L P00 S0 1184092
G0'9/6} 2€2 20'LL6l £0°'0FSS0 60°0FS6°0 80°'0F26°0 POOF8E'L €007 I¥'} BO0OFELS 080 8y'L  9Y'0 S§6  018.09Z
P1'8/61 102 98'8/61 80'0F¥9'0 220FSY'L L20F69°L 0L'0OF ISl LO'0OF 82l 61'0F962 920 St 8¥0 S8  608.09Z
£€2'086F €8'F 0.086L L00OFEE0 220FE€S'L 220F$9'L 60°0F8Y'L LO'OF9E'L 020F 00 ¥.L0 Syt 6¥0 §L  808.09Z
2ce86l 65t ¥S'2861 €00F920 OL'OFEY'L 600FOv'L YO'OFSE'L €0'0F LE'L 600F LL2 ¥L°0 y’L 6V0 S99  L08.09Z
LP'P861  PE'L BE'PB6L PO'OFGSO SLOF VYL LL'OF2Y L GOOF8EL vOOFOV'L OL'0F 182 SLO Syt 80 §'S  908.09Z
059861 Ol'} 22986F 90°0FOV'0 6L'0FESL 6L'0FSY'L 80'0OF8E'L LOOFOY'L LI'OFL6C 3L0 gL 050 S¥  S08.09Z
82'886F S8'0 90'886l 90°0F p¥'0 020F 06’ 020F€6'L 8O0OF2¥' L LO'OFOV'L 6L0F IEE  L90O o¥'k 250 S€  +08.09Z
90'0661 190 06'686F $0'0F920 FL'OFPE'L OL'OF6EL GO'OFSE'L YOOFOEL'L OL'0F69C S9°0 66t €50 S¢  £08.09Z
£8°1661 LE'0 PL166L L0°0F 220 120F0L2 220F¥6'L 600762} OL'0OFSP'L 6L'0F6EE 090 9e't 950 &1 208092
19'E66L 21’0 8S'€66) 90°0F 220 120F90°C 020F 902 600F 621 LOOF8Z'L 6L'0FGEE b0 82t €90 S0 1082092
1o (ad,,,) wblemAip bwdp Baudp  yBlom AJp 1uDIom AJp JuBlom AJp  Wojb  Wiojb
WHY *°qd,, **ad,, Bswdp (1g,,,) (ad,,,) B/wdp B/wdp Budp  (Aip)  (19m) % wo al
3ov aoy K 2%0d,,,  +*°Ad,,, 19,,, ad,,, molqy, . Ausueq Aysueq Jolem yidag  9jdwes

8.0-v690

275




¥2'0 ¥ ¥69°91 6vL°0F $59°L LBEOFELOS 190°0 F LS1'E LEO'0OF G68°L g'SlL 9182092
00€°0 ¥ 1929} 022’0+ 088, 9510 F gec8'y 9S0'0 ¥ S¥0'E €00°0 ¥ LG8'} g'Sl 3-918209Z
9610 ¥ GLO'Gt 090°0F €492 8y2’'0F 106V 9200 F L08'C 800°0¥82.L'L Syl S18209Z
29v'0F 191°G2 0ve'0 F00L°L L6L'OF 6YL'S $90°0 ¥ 205°€ 9000+F8lEE Syl 3-619209Z
£EC0 ¥ 16E'GL 0600 ¥ 0BE"L L9E0F8ICY 9€0°0 F LG8C S10°0F 0947} S'el 18,092
v.20FS8LYL 0220 F0ee’L 9GL'0F €2L'E 1S0'0F 8¥9C €000 F €29} Sel 3-v18L09Z
gGe0F voLet 0610 F 0£8°9 LS1L'0F8Y5'E Ly0'0F0L2C €000 F I8E'} 4! 3-€182092
£p2’0 ¥ 6058 0S2°0 ¥ 00¥'y 8EL0F p.16°2 SEO'0F LE9'L 8L0°0 ¥ 8560 St 3-218409Z
G600 F SE9°L 8¥0°0 ¥ 865V yES0F LIGC 910°0F 86v°} G000 F /P80 0]} 11840927
962°0 ¥ 9282 9CLoF8eELY . €r0'0 F 62S°t 220’0 ¥ 0480 S0l 1 9209DZ
SLI0F LILS 0EL'0F099'Y SLL'0F 06€E'C 620°0F €LP°L 2000 F ¥S0O°L gol 3-1184092
991’0 F 1886 €200 ¥ 968°S £9€'0 ¥ 609'¢ L20°0F L16°} 0Lt0'0F 901t G'6 0182092
9120F vIE6 02y'0 ¥ 0L0°S 0LL°0F lgce SYO'0F LIg'L c00'0F LEO'} g6 3-019209Z
S61°0 F 9SE°0L 08L°0F 02’9 L91°0F 9y2'E 8€0°0 ¥ €20°¢ 200°0F2St’t S8 3-608.09Z
812'0 ¥ 8600t 00€°0 ¥ 095°S 9820 F 659°C 1$0°0 ¥ 806°} 2000 F LbL't S, 3-808409Z
0220 ¥ 06€°L 0920 F 0v0'v 8ri'0F6LLC cE0’0F 00V’ 910°0 ¥ 8€8°0 S'9 3-2082092Z
PLL'0F€8L9 Ove' 0+ 085y SLL'0OF 668} G200 F 88t €L0°0 ¥ 6690 g's 3-909.09Z
161°0F0L0°L 2SL'0F8LL8 60€°0F 2SL'} 6200 F 9¥E’t €10°'0 ¥ 0080 B4 509,092
6610 F evt9 0EY'0F 062, 8rL'0F 1E9°L 820°0F 861"} SLI0'0F6E£L°0 Sy 3-608.09Z
8LL'0F 6S2°L L60°0 ¥ 009'6 €820 F OEP'E 020'0F G.€°} 9000 F €280 st $089.2092
€120 ¥ 9669 092°'0F 0.4L'8 POL'OF LLL'C 0£0'0F20¢’t 910°0 ¥ 208°0 Se 3-$08.09Z2
$60°0 ¥ 980°'G G50°0 ¥ 60E°S gr2o¥geL’t 910°0F 9260 S00'0 ¥ 2460 se £09.09Z2
600°L ¥28L'Y 09L'0F0L2S L60°0F62€°L 0610 ¥ $06°0 0LO'OFEYS0 e 3-£08.092Z
€2L'0F0lE’S LLO'OFE06'Y clE'0F26L’L 6L0°0F ¥66°0 800°0 ¥ 909°0 ) § 208.09Z
0L1L'0F2S6°L 062°0F0lcYy LL1'0F968°L G2O0F LLLVL c00'0¥Geo't St 3-208.09Z
804°0 ¥ 008'S YS00F ES6'Y L220FE6S°L 6L00F8LL"L S00'0F 1690 S0 1084092
G61°0 F GE9'S 062°0F02L'y €€20F 0921 620°0F260°t Y10°0 ¥ 0£9°0 S0 «3-108.09Z
Em_Qs Aip Em_ws Aip Em_wi Aip Em.wz Alp Eu_oi Aip
(weabywdp) (weib/swole) (weab/swoje) {weib/swole) (weibswoye) wo ai
(501 %) Ndgypige; (01 %) dN,, {01x)nd,,, (o1 x)nd,,, (0129 nd,, uideg eidwes

8.0-v6490

276



N3 Aq uni sejdwes eyeoyday ,,
S661L/1/1 01 peyosLIod Aeda( ,

61L0°'0 ¥ 9€0°0 ¥20°0 F 8010 - S00'0¥ 0100 100°'0 ¥ €000 g'ee 28,007
120°0 ¥ 8500 120°0FGLL'O - S00°'0F910°0 100°0 ¥ S00°0 gee £28.092Z
910°0F LOL'O 610'0F8Ct0 - 000 ¥ 2£0°0 100°0 ¥ 800°0 Gg'le ¢ca.L097z
00S0F €88} L2800 F €280 cYS0F691°0 00L'0F8LE0 ¥00°0 ¥ 90¢°0 S'0¢ 3-128.092
- - - - - g6l 0294097
6.C0F 1¥L'8 0GL'0F0SL'S 9EL'0F ISP eSO 0Fecs’L 020'0 ¥ €960 g8l 3-614.09Z
- - - - - gLt 3-818209Z
068°0 ¥ 8429} coc'L F8v9'¢ - 81L1'0F 100'E cL0'0F 9.8’} G'ol 21892097
1820 F ¥EO'V} 002'0F010°L 9EL’'0F 6oC'y $G0°0 F60L°C €00°0F €67} g9l 3-419209Z
14Blam Aip Wblom Kip “JUblam AIp UBIOM AP 1ybiam Kip
{wesbywudp) (weib/swoie) (weib/swoye) (wesb/swoje) {wesb/swoje) wo al
(.01 X) Ndgypige, (0L x) dN,g, 0L x)nd,,, (0L %) nd,, (;01 X) nde, widaq ejdwes

a.0-¥680

271




YOO S6ET  BLOOFOLSO 90071097  [800F88ST  LIOOF¥ZY0  L000FH9L0 GGl 3-918.007
60007 L0zt  8S00F@LOL  EL0OTEERT  CLOOFELZ  O00FHHYO  LODOFZOL0 Gl 5182007
021076102 6¥00¥ 9180 0S00FISSh  6.00%66L7  L000FZEZ0  L00OF90L0  Gbi 3-18.007
89007060 1900 .92°h  €2Z0F68KZ  9v00¥€857  9000F 650 2000¥29L0  GE y182097
SYOOFL680  6900FGOE’L  $B00F26IT  6600FELT  ELOOTISHO  L0OOFELO  GEl 318,002
060078SlZ  $00F99S0  YOL'OFL9ST  HOLOF600E  HLOOTPEYO  L000FPOLO G2k 3-€18.002
YOLOFSLL  SOLOFO0IE0  BELOFL69Z  $9L0F869T  9200F6H0 20007010 Gk 32182002
IOFOF €Y'l  EY00FOIL0  8/Z0FSL6T  9YO0FOL0E  9000F €S0 2000 L0 SOk 1182092
6LLOF 489t 9Y0'0F 969°0 . 0210860 0200F¥S0  S000F9LLO  SOL 1182097
SLLOFO/8L  9v00F22L0 600022  BOKOFHOLE  2L00FEZYO  L00OFO4L0 GO 3-118.00Z
96007 18  SE00FS990  VIEOF9STE  LSO0FH0E  B000F 6250  €O0OFELLO €6 0182097
PEOOF6L0L  6E00F6690  SYLOFHOLE  ObZ0OTO0BLZ 00T 68YO 2000 SLL0  §6 3-018002
86107429 §800F 120  9610F8IET  90LOTSROE  ISOOFLYGO  L000F9L0 8 3-608.00Z
22907 1L0E  0800FPEE0  hEOFO0ET  BOLOFHLET  9200FS8YO  2000%99L0 L 3-808.2097
€EC0TSI8T  0S00F 625’0 69L0FI1ZST  L6L0F988T  2L00F 28O 2000FL9L0  §9 3-L08.00Z
[SE0F8LYT 6900 18Y'0  LSLOFYELZ  BIZ0OFSSEE  1200¥0990  2000F L0 §S 3-008.002
1LZ0F6pL  90LOTE8Y0  BOYOFEYET  LLIOFEE09  SI00FSIOL  ¥000F8ILD S 5082092
85207 ¥65'L  BLLOTELL0  I6LOFZSET  98E0FSEO0  6S00T /860  2000%F29L0 S 3-608.00Z
YEZOFISOL  YOLOFZELO  0ZE0FSEOY  22L0OFHEE9  SLOOTEOLL  €000FL9L0 € $082097
06ZOF 166k OLIOFELL0  SLIOFE0LZ  ESTOFYELY  EOOFEE0L  2000F29L0  §E 3-/08.00Z
S,Z0FEE6'L  8B00FL190  EBE0TYSOE  O0LOFEEYS  2I00FE0 €000 L0 ST £082097
I9v0F8IgL  6910F999°0  LLIOFESYT  BEZLTOES  6200F 6O  2000F/910  §2 3608002
€507 S66'L  €9LOTEIO0  9YYOFESST  €2L0TIEEY  OL00T6080  €000FHIL0 gL 2082097
60078867  6EL0T0250  90LOFSEL  BSZOFS6SE  6200F YO  L000FHLLO Gk 32082092
YLOTES9T  ZELOTLYYO  WKEOFOZHT  6800FIEry  OLO0FLOLO  €000F2L0 S0 1082097
90L07 €857 SELOFLSY0  ISCOF 166t 68Z0F22ET  Ov00F6YL0  Z000FELLD GO 31082097
oney oned onel onel oj1ed onel
Ayanoe woje woye woye woe woje wo al
(.01 ANdy2/80 ¢4 o Ndg,/AN e, Ndger/dAN ¢, Ndger/MNdoye widag sjdwes
X80 Mdpizar QLX) NdlNd, g

8.0-1680

278



N3 Aq uni se|dwes ejediday ,,
S661/1/1 0) peoe.od Aedceq ,

- - - 8GE'G ¥ L2501} TLEL ¥ LGEE 861'0F 980  G€2 ¥28.09Z
- - - G6L'2F28E'L 2YS'0 ¥ 65€°2 PLL'0OF02E'0  §C2 £29.097
6SY'S T ¥2e't 80%'Z ¥ ¥85°0 - 9/L07 250y L82°0FS19'L 1900 F66€°0 Sk 228,097
689°0F 916°4 ZYE0F25L0 1920 F ¥82'C 085°0F L1472 €10°0 ¥ 0010 €000F 4810 §0C 3-1269L09Z
- - - 000°0 ¥ 000°0 000°0 ¥ 000°0 00000000  §'6} 029,092
652'0 ¥ €96} LL0°0 8850 SZL'OF ¥bSe ELL'0F2L6'C 910°0 ¥ GES'0 2000%08L'0  G'8l 3-6192092
- - - 000°0 ¥ 000°0 000°0 ¥ 000°0 000070000  G'LI 3-818.0DZ
9020 ¥ 6v€'2 2v0'0 ¥ 6250 - 20b°0 ¥ 288°0 ¥90°0F L1'0 9000F 090 9t £18.092
SY1'0 %6202 2v0°0 ¥ 985°0 2LO0F ¥IL 060°0 ¥ 885°2 €100 F 9FH'0 l000¥2LL'0 SOt 3-£18209Z
960°0 F 6SY'2 L10'0 ¥ 26¥°0 ¥02'0 ¥ 0£9'2 L90°0* §2¥'2 0L0'0 * $0V°0 €00°0F 2910  §'Sh 918,092

oliey ojjel oneds onel oned ones
Aianoe woje woje woje woje woye wo al
k«.cr «Ndg,2/S0 e, Ln Ndyy,/ azsu :n_%u\ nzau Ndge,/Ndyy, uideq sidwes

X) 80,0./MNdyyzaez oLx)nd,../nd,,,

2.0-4680

279




S661/L/1 O} pejosliod Aedeq ,

00°0S6F Lg'9  /8'8v61L 000F 000 LEOF LL'O- 8L'OF60'L GL'0OF69C BOOF6Y'L 9L'0FBGE 12} €L} oeo ce 618092
691661 88'G  2L'1S6L €00F LOO - - - - - ozt cl't 0g’0 oe 8180907
8E'ES6L 6¥'S  8S'VS6L - 8L'0F9L0 LL'OFOC'L OLOFHY'L LOOF66'0 SL'OF02C LL0 o't JAAY 8¢ £1809Z
90’6561 60°'S  €¥'.S6F 200F$0'0 L2OF Syt Lg0Fcl'L OL'0F26'0 600F 92t 6L'0F6E2C 890 Pl cs’o 92 9180927
G996l OL'v 82'096F C0'0FGL'0 620F2€’'L 820FG60 #1'0F66'0 €L'0F9E’L G20F1E€2 ¢2L0 £yt 0S°0 e 518097
pp'8G61 LE'Y  EL'E96L PO'OFGE'0 620F68'Cc IE'0F26') 600F2S0 €L'0OF0S'L 8COFEP'E 890 Wt cs'0 cc ¥1809DZ
€1'0961 26'E 86'G96L LO'OF LIl €2°0F 9SGt €2°0F 60} 0L'0F26'0 OL'0OF OVt 020F6%'Cc 690 'l 150 oe £1809Z
181961 €S'E €8'8961 L0'0F26'L €20F 18t €CO0FPS'L LL'OFCL'L OLOF6E’L 120FS6C 990 6E’} £5°0 8} c1809Z
05'e96) €1'E 691461 POOFPY0'C 620FS6'C 820FvLC ELOF6L'L LL'OFOP'L 920F LI'y 190 LE'} S6°0 9 18007
05°/961 v.'C¢ PSvL6l BOOF LbP'C 610F¥2'C 61'0F 88} 800OFB86'0 80COF¥E'L LI'OFYSE <290 LE} S50 14" 01809Z
09'H461 GE'C  6€°LL61L L00F¥0'C LEOFEL'C 1E°0FB0C €L'0FL6'0 LL'OF IO} 620F2L'E  $90 g€l $S°0 ci 608097
0S'G/61 96t $2'086L SOOF LG} G20¥F¥9LC SCO0F1I¥yC 600FL8°0 600Fe2’L €20FG9E 2L0 el 0s0 0l 8080927
05’6461 LS'L 60'€861L SOOFE0'L L20FS0C 920F LL2 LLI'OFS0'L 600F 60 SS0F2L'e S90 6€'t €50 8 £080DZ
0S'€861 8L'L  P6'GB6L SOOF 160 9L'0OF¥6'C 9L'0OF 10'E LOOFEL'L 900F LO'L SLOFO0L'Y 90 8e’t $S'0 9 908097
069861 88°0 B80'886L SO'OFE0'L 6€0F99C 6E0FPIE GL'OFGO'L €L'OF LO'L LEOF¥LY 090 oe't e¢90 ¢gf S0809Z
82’8861 69°0 156861 60'0F08'C Sr'0OF06'C tYOF 22y LI'OFGCL 2L'0FE6'0 6E0F6L'S 8Y0 6c't €90 G'¢ 08007
90'066L 6¥'0 $6'066L LOOF 9SG0 SEO0F L2y 8E'0F90C COOFEL'O SLOFGE'L SEQOF vy €O 9Z't 99'0 g°¢ £0809Z
€8°'1661 620 9€'¢66L 90°0F8S'0 OP'OFECE 6E0F60C QL'OFCL'L PL'OFOS'L LEOFBEY 2VO Gge't 90 &SI 20809Z
19'666F OL'0 626661 LOOF L90 G20F29E $20OF6L€ 0L'OFCEL 80O0OFGL'L €20F86'Y 1€°0 6Lt .0 SO 108092
413 Snzuv Ew_oi Aip m\Env m\Eqv Em_os Ap E“_o\s Aip Em.o? Aip nEo\m nEo\m
WHY **qd,,, *°qd,,, b/wdp (a,,;) (ad,,;) 6/wdp 6/wdp Budp  (A1p)  (19m) % wo ai
3oV aov 80,0, ~%ad,, +*°ad,, 18,,, ad,,, meiqd,,, Ausueq Aysueq teiem yideq  ejdwes

80-¥680

280



281




EEP'L FP6L°98 - - - - 9l o +180D2Z
c02c'0FcLL98 - - 6210 F 16Y'91 LE0'0F 128'6 9 q+ 18092
Lyy'L ¥ 60009 - - - - vl 018097
9€.°0 ¥ 2E8'99 ¥.2°0*F LS6'%C G850 F L09'LL 00L0F /8L CL LSO'0F€SL°L 14} 018092
e8l’L F 1L22s - - - - ct ,6080D2
0820 F S6L'VS - - LGS0 F8S0°01 6€0°0 ¥ 2€E'9 ct 4608092
6v.°0 F 681'8€ - - - - o]} ,8080DZ
SLLI'0FcclLee - - €.00F02c’L 810°0F L0S'Y Ot 480809Z
Ly0'L ¥ 199°6¢C - - - - 8 -,£08097Z
8¢6'0 ¥ 0GL'¢ce - - - - 9 ,908097Z
6.0°0 ¥ L85'Ve - - 0S0°0 * €0S'¥ clo’oFepee 9 7808007
108°0 F 9vE'EC - - - - S'v ,5080DZ2
vPL'0F €18°61 - - - - g'e ,P080DZ
6LL'0F vbP°le - - €L1'0F926'C 8200 F28b'¢ S'e q708097Z
650 ¥ 8¥¥'0c ¥61°0 F 996°01 262’} ¥ 856°01 Y90'0 ¥ 82L'€ YE0'0F2LEC g€ 08092
€LG°0F LLLOL - - - - S 208092
690°0F Liv'8L - - P00 F ESY'E LLO'OF LOL'E g'c 4£0809Z
9€E°0 ¥ 200’81 GEL'0OF Iv6'8 C6EOF6BLL'S 90’0 F vice G200F viie g'e €0809Z
G29'0 ¥ 96891 - - - - gl ,¢08092
/810 ¥ 68581 - - €2L'0F /88°E 820°0F €6} Sl 4208092
0820 F ¥8C'L) LLL'OF /S5°8 0SP'0F 69y 0Y0'0 ¥ LS2'E 120’0 ¥ 896} S 208092
69V°0 F LE9°LL - - - - S0 ,Ll080DZ
9900 F €48°L} - - €P0°0 ¥ 225t 0L0°0F LL6°L S0 q+08092Z
092'0F2SlL°LL L01°0F 6£€'8 09€'0 ¥ 28€°6 LE80°0F092°E 0200F Lv6°}) S0 108092
Em.ws Ap Em_oz Aip Em_oz Aip Em_oz Aip Em_wz Aip
(wesbyudp) (wesb/swoye) (weib/swoje) (weib/swoye) (wesb/swoe) wo al
(.01 X) Ndyqc2 (, 01 x)dN,., {orx)nd,,, (,01 x) nd,,, (;01 x) nd,, yideg adwes

80-v680

282



seniAoe pajunod eydy,

IOHM 18 SINdOI uo uni sejeld eydje payoes| pioe,

G661/L/1L O} Pa)OBII0D Aeoep ,

000°0 ¥ 0000 - - 8200 F LG9°0 Y000 F LS1°0 (0] 48180927
CE0'0F LGE'O 8200 F 0Et'0 - 9000 #2800 00’0 ¥ GE0°0 0 818092
02L'0F9EL0 - - - - 8¢ 2418097
GE0'0F08E’1 - - Y200 F LyEO G00'0F 5210 8¢ ol 18092
8E0'0F 6180 0£0°0 ¥ 6550 - L00°0F ¥L1°0 L00'0 ¥ 980°0 8¢ L1809DZ
6920 F 2eS’L - - - - 92 918097
L200F9¢l'e - - 8L0'0 ¥ G0S°0 $00°0 ¥ £02°0 9¢ 4918092
6600 F L2G'} 080°0F 208’} - 8100 ¥ 80€°0 Y00°0 F G91°0 9¢ 918092
G/E0F LE6'E - - - - e .518092
o000 F 6Ly - - £20'0F 120’} 900'0 ¥ 205°0 e ¢54809Z
61.°0F 98601 - - - - cc 718097
990°0 F /68°L1 - - cP0'0* 162'C OLO0F 0sE’} éc q71809Z
P60 F LPBOE - - - - (414 -,£18097Z
pe6'0F CLL Ly - - - - 8l ,¢ 8097
810 ¥ 680°2CL - - 9L1'0FGL2'EL 620'0FGlLE8 81 4 +809Z
wbom Aip wbiem Kap wybam Kip DIoMm Aip ublom Aip
{weibwdp) {weib/swoje) (weib/swoye) (weab/swoje) (weib/swoye) wo al
(5.0 X) Ndypiqer (LoLx)dN,., oL x)nd,,, (oLx)nd,,, (501 X) nd, yideg o|dwes

80-v690

283




0900 F 1582 - - - - - 9l >+ 18092
LEOOF 16982 9000 F £2¥'0 - : - 100°'0*891°0 91 qt 18095Z
$01°0F 8892 - - . - - 14 ,0+8092
00L'0F LiLe 910'0 F €5¥°0 S§L0'0F892C 820°0 ¥ 8¥0C ¥00°0 ¥ 22£°0 1000 F L5L°0 148 018092
901'0¥85S'e - - - - - ct ,608092Z
€60°0F 189¢ 81L0°0F G940 - - - £00°0 ¥ 651°0 cl 4608092
$60°0 F 8E¥'C - - - - - 0l »808092
¥80°0 ¥ 86¥°C L1000+ L6V°0 - - - ¢00'0¥ 0910 ot 4808097
Y510+ L6V - - - - - 8 24080927
POL'0F LIG2 - - - - - 9 2908097
6EL0F PlLC $20'0F 1990 - : - c00'0¥ 8510 9 q90809Z
lel'oF 1iee - - - - - Sy .5080D2
Sge0F eLbe - - - - - St »¥08092
€6C0F LL9°C €50°0F L9¢¥°0 - . - S00'0¥ 8510 S'e q¥0809Z
¥82°0 ¥ 295°¢ $50°0 ¥ c6¥°0 IeS'0* 185Y ¢.0'0¥6e6'C L1100 F 2910 €000 ¥ LG1°0 St 08007
9.E°0F LIOE - - - - - 4 ,£0805Z
86E°0F ClEE $¥0°0 ¥ 69€°0 - - - c00'0F¥91°0 S'¢ 12080927
€6€°0 ¥ gec’e 8v0'0 * 96E°0 ¥L1'0F €SE°C 8500 Fe8L¢ 8000 ¥ €2¥°0 c00'0Festo §'¢ £080D2Z
L0E'0 F €£E6°C - - - - - S') 2208097
Lg'0F9ece YE0°'0 ¥ 6€€°0 - - - L00°0F L6L°0 'L q¢08092Z
162’0 F 000°E 6£0°0F 90¥°0 €EC0* Lev'e 8v0'0 ¥ c€9'C 800°0 F SE¥'0 c00'0¥S91°0 St €0809Z
9920 F $£9°C - - - - - S0 2+08092Z
092’0 F699°C £¥0°0 ¥ GEP'O - - - 200'0F8LL°0 S0 q+0809Z
€520 F 199°¢ 9¥0'0 ¥ 0L¥°0 E8L'0F LGL°C ¥¥0°0 ¥ 895°2 £00°0 F 0EP°0 200'0%891°0 S0 1080027
oney ones oned onel ofel ones
Auanoy woje woje woje woje woje wo al
83 6/Mdoyzace «Ndyz/83 61 Ndger/Nd)4e NdgyefdN ¢, Ndger/IN e Ndyez/Mdpye uideg aidwes

80-¥690

284



SellIAle Pajunod eydy,

IOHM e SINdD1 uo uni sejeld eydie payoes) ploe,

S661/L/1 0} pe10a110o Aedep ,

- ¢60'0¥ Le0'0 - - - Lc0'0F6iv°0 oe 4818092
9EG'G1 ¥ 185"y 6£L'0F8lc0 - 69€°0 ¥ ¥85°} 2800 ¥ 89€°0 0c0'0 ¥ cec'o oe 8180927
- - - - - - 8¢ oL 180DZ
- - - - - 22c0'0¥F8.L20 8¢ 4418097
- - - 0cc’0*gece 9€0°0 ¥ 0590 600°0 2020 8¢ 18097
8G6°¢C ¥ 8¢E'Y . - - - - 9¢ ,9+80D2Z
996'€ ¥ ¢00'9 90L'0F 0910 - - - 0L0°0F 6YC°0 9¢ 4918097
¢58'c F 96y YL1L'0 ¥ €920 - cEY'0 ¥ 5¥8'S LS0°0% 160°} CLO'0F 1810 9¢ 9180927
S.Y'0F 19g°C - - - - - e 2518092
ey oFeclhe GG0'0 F ¥PE0 - - - 9000 * £02°0 e 4518097
S6E0F 9LL'E - - - - - 44 ,718092
$9€°0 F 0pp'e 8E0°0 F 25€°0 - - - €000 F L91°0 4 4718092
L61°0F88L°C - - - - - 0¢ ,£1800Z
I0L'0F 681°C - - - - - 8l 2C+809Z
SEL'OF 19L°C ClO0F LEEO - - - ¢00'0F 0810 8l 1€ +809Z
oled ojies oneu oljes ojied ones
Kuanoy woje wole wojle woje woje wo ai
83 ,e/Ndopzigez Ndgyz/S0y5, Ndgeo/Nd 7 Ndgye/ nzau Ndgee/ QZSN Ndgez/Mdgye Wideq aidwes

80-v680

285




S661/1/1 ©) peoelloo Aeoseq ,

- PL'OF99'0 ¥LI'OFGE0 BO0FO00'L LOOFIEL CLOF99'L  ¥6°0 L5°1 ov'0 g€ $206DZ

- 020Fey'L 020F0gL 800FH2'0 800F98°0 8L'0OFQL'2 €0} 19} L0 GCcC £2069D2

- 8L'0OFBE'L 6L'0F690 SOOF9Y'0 OL'OF9L'L LI'OFG8L €0t co'l L0 §'le 2e06enz

- - - - - - oL’} 99°'1 $€0 S02 1206927

- 0L'0F/.S'0 OL'0OF€EC0 SO0FP6'0 GO'0F8S') 80'0Fc2S't <¢O'L 19t LE0 G'6F 020692

- - - - - - €0’} o'l 9€'0 S'8L 610692

- - - - - - L6°0 8G°1L 6€0 S'ZI 810692

- 6L°0F P90 6L°0F2CE0 0L'0OFGSB80 OLOFLE'L 91°0F05L 260 GG'1L w0  S91L  L1069Z

00°0S6L 2L°Z 10°2E61 - - - - - - 180 st ey'0  S'GL 910692
Gz'2S6L 999 <¢LOovel - L1'0F26'0 LL'OF PGS0 60°0F66'0 B0OOFOE'L SL'OF L6} /B0 st €v'0 Sl S160DZ
0S'¥S6L 0z'9 EY¥Y6L vO'0F GO0 L20F89L LZOFEY'L ZHOFVI'L 2L'0F6E’L ¥20FEBC 160 gs'1 0 G'€L  v160DZ
619561 .G E4BY6L €0'0FSL'0 8L'OFEE'0 BL'OFEL'0 60°0F0E’)L BOOFOV'L 9L'0Fege 180 6’1 S¥'0 S2l €1609Z2
00'656L gz's PBIS6L Y0'0F SO0 92°0F20C Lg0FESQ'L LL'OFI60 LIOFOEL ve'0F¥e6'C L8O a5’ ev’0  SLL 216092
Gz'196L 28y 999561 OL'OFLGZ LEOFEOL OE0F 0L’} SLOFVE'L ¥L'0OF L2’} L2g0FL82 180 6L S0 S0F L6092
05'€96lL 9cy 9¢696L ¥L'0OFBE'E L20FYET LC0¥FL0C OLOF6S’ 600F LSt 61'0F¥9'E  8L0 FA A" JAA] g6 016092
28'v961 06'c L6C96L 90°0F Lgv 120F8CC IC0F66°L BO'OF66'0 60°0F 62t 6L°0F L€ 2L0 et 050 ¢'8  60600Z
e1'0961 vp'g 899961 LOOFZEE 2C0¥SLC Le0FLL'C OL'OFSE'L 80O0OFEEL 0C0OF L'y €90 8€'} $5°0 §'L 80609Z
Gv'/961L 662 6E0L6L 90°0F62'C - - - - - S9°0 6€’L €50 §'9  /0609Z
9/'8961L g5z OFPi6L LI'OFELC - - - - - S9'0 6€’L £5°0 g's 906092
80°0/61 102 1872264 OL'0OF8G'C 220F L0'C 220F .LLC 800F66'0 800F 62’} 120F80Y 190 LE} gso Sy G0609Z
6161 1oL CSI86L 60°0F Lv'Z 920F6LC ¥COFSL'E CL'OF¥S'L 600F LI'L €C0FEEY €90 8€’L S0 S'e 06092
1,°2/6L GL'L ©€CS86L 60°0¥FS0'C SCOFOV'E ¥20¥ L0y OL'OFEC T 900F95°0 €EC0F¥9y 690 SE’L 950 G2 £06092
co'vi6L 690 Y6'886L LL'OFO06'L LP'OFEBS SPOFEP'S BOOFESO LI'0OFE60 OV0OFBE'9 ¢SS0 et 190 St 20609z
pe'g/6L €20 S9C66L 60°0F09'L 2E0F09'S YEOFESY €00F2C0 LIOFvel SE0FG8S 980 e 0L'0 S'0 10609DZ

13 (ad,,;) Ew_wi Aip m\Enn m\E% Em_c; Aip Em_os Aip Em_Qs Alp an\w nEo\m
WHE *qd,, Odoz Bwdp (@,  (ad,,) Brudp  Bwdp  Bwdp  (A1p) (M) % wd ai

20V Jov +80,¢, «*°Qd,,, J~ad,,, 9, ad,,. moqd,,, Alsueq Aysueg Jolem uideg ajdwes

60-v680

286



287




ov0'L F0LL°08 - - 881°0 F ££L°G1 Sv0'0 ¥ 066'8 S0l g} 160DZ
vey'e ¥ 822201 - - - - g6 ,01609Z
0460 F L2¥°E0L - - €.1°0F 2p6°61 cYO'0F 109'}L g6 4016092
6.} ¥ 06L'vCl - - - - S'8 ,60609Z
0£6°0 ¥ 895°L2) - - ISL'0F 18128 0v0'0 F 961Gl S8 4606092
895 F $SS°ELL 2890 ¥ 262'SY SI6'0 F96Y'IE 802 0F LIL'1C 921’0 ¥ £20°EL g'g 606092
8/G°L F9Gv'2L - - - - §L ,806092
968'0 ¥ GEG'G8 - - cSL0* 9991 LEO'OF €096 gL 4806092
LYE'L F $9L°09 - - - - <9 »4060DZ2
SOS'L ¥ LL1°09 - - - - g's 2906092
18.°0F2L9°6S - - EYL0FCSL L $€0°0 ¥ 2099 S'g q906092Z
Y6C’ L FELL'CY - - - - Sy 506092
8G6.°0 ¥ 819'G9 - - 6€L'0F $¥80°EL €E0°0F 102°L Sy 7506092
045 L F¥1E6S - - - - S'e -,y0609D2
659°0 ¥ 091°65 - - CCcL'OF 196°LL 820'0 ¥ /879 g'e 4?0602
6GE’L F8LG'ES - - - - S ,£06092Z2
00V} ¥G6L2°LS ¥8€°0 ¥ 026'0¢C Y60 F LOp'GL SPL'0FcEe 0L /80'0F¢el9 S'c £0609Z
¥86°0 ¥ 0L9'St - - - - S’ »,¢060D2Z
2090 ¥ 26.L'St - - 60L'0F G106 920’0 ¥ 890°S S’ q¢06097Z
gle' L ¥F951'8Y 9EY'0 F L9661 980°L F L91°G) VLLVOFGLLS 880°0 ¥ 685°S S’ 20609z
000°} ¥ 909'6€ - - - - S0 ,10609DZ
L6G'0 F GSL LY - - 8010 ¥ lEE'8 G200 F 185V S0 q+0609Z
608°L ¥ 8S0'PEL Ly2'0F L6291} ¢co’L ¥ 962'Se 9/1'0%089°L1 ¥91°0 F 64081 S0 106092
Em_og Asp Em_wB Aip Em_oB Alp Em_mz Ap Em_w; Aip
(wesbsudp) (wesb/swoje) (wesb/swoye) (weJb/swoie) {weib/swoye) wo a

(.01 X) Ndyypaer (,0Lx)dN,., foLx)nd,,, (,01 x) nd,,, (01 X) nd,,, yideQ ajdwes

60-v680

288



safIAno. pajunod eydly,
IOHM 18 SWdOI uo uni sejeld eydje peyoes) pioe,
G661/L/1 0} pejoeiod Aeveq ,

080°0F €480 - - - - g'§1 2910697
2S00 F 98t} - - LLO'0F 9820 c000F2LL'O g'Glh 4940697
CHLOF ¥EOL - - - - Sy 5 1609Z
6800 F 98C°} - - €200 ¥ S6£°0 £00°0¥ 0600 Sl 916097
G2e0F ¥29¢e - - - - S'cl 7 1609DZ
99L'0F 091°G - - YEO0F LSI') L00'0F 6150 g'el q71609Z
L0C0F ¥88'S - - - - g'cl -,£1609Z
LL2'0F 2619 - - 6E0'0 F2S2'L 6000F €490 gcl 4€1609Z
8LG°0F L6L°L) - - - - St ,C 16097
clEOF 6vv8l - - c90'0F8lE'e 9100 LG1'¢C G'LL q¢1609Z
¥16'0 F 88¥'62 1910 ¥ 0089 91G'0F G588V g80°0FS19'C £80°0 ¥ 890'Y St 21609z
L2h'e ¥ 898'8. - - - - g0t o+ H60DZ
wbem Aip Jubiom Kip Wblam Kip wbam Aip WbBlom Aip
{weabswudp) (weib/swoje) (weib/swoje) (weabsswoie) (we.b/swoye) wo at
(0L X) Ndy e, (0L x)dN,,, {oLx)nd, . (,01Lx)nd,,, (501 X) nd,, yidag 9|dwes

60-¥680

289




200’0 ¥ Le0'0 - - - - - S0l 2416092
k000 ¥ 280°0 G10'0%99¢€0 - - - 200'0F G410 S04 q+1609Z
+00°0 ¥ 920°0 - - - - - g6 016092
100°0 ¥ 920°0 LI00F LSYO - . - c00'0F Ll 0 6 4016092
L00°0 ¥ 6200 - - - - - G'8 :606092
0000 F0£0°0 L00°0F Iv¥'0 - - - 1000 F9¥1L°0 S8 1606092
1000 ¥ L2070 800°0 * £9¥°0 9000 6£2°0 LEQOFSYLIT 9000 ¥ 8v€°0 200'0F291°0 S8 606092
L00°0 ¥ 2200 - - - - - S'L ,806092Z
L00°0 ¥ 9¢0°0 OLO'0OF L9Y°0 - - - ¢00'0F LLLO S'L 48060927
100°0 ¥ 9200 - - - - - S'9 2406092
¢00'0 ¥ 820°0 - - - - - §'S 290609Z
1000 ¥ 8200 cc00FSiv'0 - - - 200'0F841°0 §'s q90609Z
100°0 ¥ ¥20°0 . - - - y Sy ,50609Z
100°0 ¥ §20°0 8100 F ISY'0 - - - 200'0F 281’0 Sy 4506097
100°0 ¥ 5200 - - - - - s'e ,¥0609Z
100°0 *# S20°0 810°0 F 2910 - - - 200’0 F $81°0 St 4706092
100°0 ¥ 920°0 - - - - - ge ,£06092
100°0 ¥ 820°0 1200 ¥ 85%°0 S10'0F 1£20 SY0'0 ¥ S¥0C L00°0F L1EC c00'0F2¢s1'0 e €0609Z
200’0 ¥ #20°0 - - - - - Sl 2606092
100°0 *# 200 6200 F 28’0 - : - 200'0¥8.1°0 St q20609Z
€000 ¥ 5200 1E€0°0 F 96%°0 0c0'0Fclc0 L90'0F¢lece 0100 F LSE0 €000 LS1°0 St c06092Z
10070 ¥ 520°0 - - - - - S0 2406092
100°0 ¥ 920°0 §20°0 F OP¥'0 - - - €00°0¥284°0 S0 4106092
G000 F ¥80°0 210’0 ¥ 8020 9000 F I¥10 LL0'0F€26°0 200°0 ¥ 0600 100°0 ¥ 860°0 S0 106092
ohed ones ones opel ones opes
Ayanoy woje woe woje wole woe wo al
83,61Mdoyzace Ndy/83,, +(;01 X) NN, Ndgyr/dN,c, Nyl IN e Ndgez/Mdore Wideg  edwes

60-+680

290



SR pejunod eyd\y,

IOHM 1 SWdDI uo uny sejed eydie payoes) pioe,
G661L/1L/1 O] P810aLIod >NO®D .

- - - - - - GGt 910697
- - - - - L1L0'0 ¥ 952°0 S'GH 4910692
- - - - - - Syl 5 +609Z
- - - - - 000 * LEV'O S'vt q91609Z
2¢€0'0F 8400 - - - - - sel 716092
190°0 F ¥60°0 LLO'0F60L°0 - - - 200°0F €220 sel qv16092Z
800°0 ¥ 6£0°0 - - - - - st ,£16092
600°0 ¥ 1¥0°0 8500*F ¥.20 - - - 9000 ¥ 981°0 gl «€1609Z
¢00°0 ¥ £20'0 - - - - - St 0C 60927
2000 ¥ 8200 ¢E0'0 F 8¥1°0 - - - €000 F ¥S1°0 SLL 4€}+609Z
£00°0 ¥ S¥0°0 6200F LL¥0 eLl0'0F 6110 €900 F I88°I G000 ¥ /81°0 200'0 ¥ 6800 St cle0oz
oyjey onel onel olnel onel olel
>a_>_~0< woje woje uioje woje woje wo al
83 ,61/Mdoyzscz Ndlgy2/S,¢. ;01 X) Nd/Nd, Ndgyz/AN ¢z Nde/AN ¢, Ndgeo/Ndoyz wideq  oidwes

60-v690

291




LE'/861 9€2 89'8861 90°0F 490 . ZAVER A - 800F66'0 220¥F IY'E /90 o't 250 G¥Pe S2V0LDZ
99°/861 922 26'8861 €£0°0F 950 - 020F 0L} - 800FE2L 8LOFLI62 2L0  EFF 0S50 S€2  ¥ev0iDZ
G6'/861 LL'2  G1'686L LO'OF8H0 - 6L'0FGLL . 8O0OF LI'L L1'OFG22Z 0L0 2L IS0 g2  €2voIHZ
GZ'886l 102 6€'686F 90'0F 650 vS0F QL2 Y2ZOF8Y'Z L0'0F LGS0 80'0F /80 €20FvEE 190  O¥'L 260 S'12 22V0LDZ
$5'8861 86'L  £9'6861 SO0 F €S0 - L0F88'L - 90002t €L'0FL0C 690 'L 160 S02  12v0iDZ
£8'8861 881  /8'686L SO0 F /LSO - 91'0¥ 922 . 900F8L'L YIOFSYE L90 Ol 250 G6F 02V0LDZ
216861 8L 01066 B800F /p'0 SL'OFLEZ SLOF2E2 L00F22L 900F92'L VL'OFBSE 690 6€'L €50 S8l  6LVOLIDZ
1P'6861 69'L  YE'066L L00F0S0 - £€20%022 - 60'0F 12} LZ0F6EE 190 &1 SS0 SZL  8IVOIDZ
0,686l 65k 85066l €00F L0 - Y2O0FELT - 600F /2L 220OFBE'E 8BS0  SE€IL LSO S9L  LLVOIDZ
66'6861 60t 28°066+ B80'0FE90 9L0FSZ'E 9C0OFE0E EL'OFG60 ELOFLL'L EE0F6LY 950 vE'L 850 §'GL  9IV0IDZ
820661 OV’  SO'L66L LOOF 990 - 2e0Fere - SLOFILEL OE0FIL'E S50 €81 650 S¥vL  SLV0IDZ
150661 0E'L 62166} SO'0F8Y0 - LI20FP8'L - 800F 2Lt 6LOFV6Z ¥L0 Pl 690 GEL  PIVOLIDZ
98°066k 02't €S'166L €00FBE0 6L'0F80C 6L0FE0C 800F20°L LOOFLO'L 8LOFOLE  $9°0 8L  ¥S0 G2l  EIVOIDZ
SL'L66L LL'L L1661 SOOFOV0 - 92 0F€e’L . OL'0OFE6'0 €20FG22 +9°0 8L  ¥S0 G'lIL  2iVOIDZ
SY'L66L LO'L 002664 SO'OF L+ - LL'0F292 - 900F L0k 9L'0F09C 950  PEL 850 SO0I  LIVOIDZ
¥L 1661 260 22661 BO0OFEQ0 S€0F 9.2 LEOF L6 2L'OFHO'L OL'OF68°0 0S0F6LE S50 €eL 650 66  0Lv0OIDZ
£0'2661 28'0 89’2664 90°0 F G50 - Y2 0F p¥e - 60'0F25'L L20FE6E 850  SEL LSO S8  60V0IDZ
2e°2661 2L°0 2L266L 90'0F LyO - 6L0F 122 - L000F20°L 8L'0F02E€ GO S’ 80 §L  80VOLDZ
19266+ €90 96'266l SO'OFEP'0 6L°0F86'L 020F €9’} 80°0FS8'0 80'0F02'L 8L'0F€8E 850 GE'L .60 S9  L0VOIDZ
062661 €50 61'€66L SO'0OF8E0 - gToF v - 80'0F9L'L 020F.5€ €50 2L 090 S'S  90VOIDZ
6L'C66L €40  E'E66L 800F LSO - 120F P2 - 80°0F22'L 6L0FEYE G90 6L €S0 Sv  SOVOIDZ
8V'€661 YE'0  L9'E66L S0'0FEEC0 SEOFEYL 2E0FGSC 8L'OFEYL OL'OF LLO 0E0F92E 250 €L 090 §€  t0V0IDZ
LL'E661 ¥2°0  16'E66L 90°0F2E0 - CTAVE A - 600F¥0'L €20FEYE $90  6€1 $S0 ST  €OV0IDZ
90'v661L ¥1'0  vL'v66L $0°0F8E0 - y2'0¥ 622 - 60°0F02'L 220F9Y'E 2¥0 g2’k 990 §1  20v01DZ
SE'PE6L SO0  BE'PE6L B00F ¥E'0 6€0F 902 LEOFIGE LL'OF2LL €L'0F /80 GEOFBEE 10  6L'L  ¥.0 S0 LOVOLIODZ
13 (ad,,,) wbemAp  bwudp Gaudp  1ublem Kap 1Bam Kip wublem Aip  wiop  (wo/b
WHY *ad,,, **ad,, b/udp (g,,;) (ad,,;) 6/wdp 6/wdp B/wdp (Ap)  (am) o wo al
aov IOV .80, ~°qd,, J°ad,, 19,,, qd,,, moqd,, Ausueg Awsusg Jelem wyideg  9jdwes

volL-4680

292



9P'v961 L1'C L0296} 90°0F91'C GC0F236'L L2OFLOL 80'0FGS02CLOF6EL E20F VYT 160 gs'L w0  G0s L1SY019Z
cy'Go61 €1L'¢  L2'€961 90°0F 29’} - LLI'OF /B0 - L00F90'} SL'0F20c 080 8yt 9’0 G'6¥ 0SvO0IDZ
8€°0961 80'C €S'v96L SO0F2v'L - L1'0F 88} - 900F$6'0 SL'0F6LC 080 8h'L 9’0 &G'8p 6vv01LDZ
€€°/961 0’2 086961 90°0F96'0 820F L6'L L20F002 €LOFLL'L LL'OFdL'L G2O0FvL'eE 180 cs'L 153 A VI VA 4 8PVvOoLOZ
62’8961 00 907961 #00F280 020F 8L 020F60°'L LOOFG90 600F0¥'L 8L0OF8YS /80 cs't ey'0 S99 LYVOLDZ
62’6961 S6°L 2E€'896L SO0 F .80 - €L'0¥F 260 - 900FEL'L 2L'0FE0e €80 oS’} SP'0 GG 1214 {01894
L2'0L6L 16'L 856961 E00F P80 ¥20F22'L ¥C0F02t LL'OFLE'0CL'OFE60 120FELC 180 8L 9’0 Svb SYVOIDZ
LULL6L 28V $8°0L6) €00F8L°0 1COF 19} I20FGL'L 80'0F69°0 600FGL'L 6L0F62C 180 6¥'L S0 9ty yvoLDZ
€L'cl6l 28’1 L1261 $O0'0F ¢80 - - - - - 8.0 FA A 0 g¢cp EYVOLIDZ
80'€L61 8L°) LE'EL6L E00FEB0 9LOFLOL 9L0OF 1) 80°0F #i°L LOOFOL'L ¥IOFICE 940 vl 8’0 G'Ip (44 {18374
PO'vL6L YL} €9'vL61 YO0 F G880 - - - - - 9.0 9y’ 8¥'0 S0p (R 41018374
00'GL61 0L'L 68'G/6L $0'0F 650 - - - - - £8°0 0g’L Sy'0 ¢9'6E ovvoiLozZ
96661 S9'L 9L°LL61 SO0F /G0 GC0FEELC 92°0F00C 80O0OF 190 OLOF¥6'0 vS0Fe6'C LLO 9L 8y'0 6'8¢ 6EV01LDZ
26961 191  2¥'8L61 POOFLOO LZOFILL LSOF8S'L CLOF86'0 0LOF L'l S20¥89C 1LO et 08’0 ¢g'LE 8EVY0LDZ
88°L.61 LS'L 89'6.61 SO'0¥¢€90 - - - - - 190 ov'L 2s’'0 ¢6'9e LEVOLIDZ
£€8'8/61 ¢St 60861 YO'OF 90 vL'OF29'L €L'0F29'L 90°0F L0} SO0F L0l 2L'0F89C ¥.L0O 14" 6¥'0 &' 9Ev019Z
6.6/61 8L 02¢86L $0°0¥FG9°0 - - - - - €L0 2t 6¥'0 Gt GEVOLDZ
GL'0861 ¥¥°L LY'e86lL SO0F /S0 SCO0F¥S'L $20F69°L LL'OFOL'L 600F96°0 220F€9C ¥#L0 12" 6¥'0 ¢g'¢€e PEVOLDZ
LL°186L OF'L  €Lv861 €0°0F 290 120F092'¢ 120F8E'C 600F0L'L LOOF LE'0 6L0FGEE €10 L 6v'0 ¢g'¢ce eEVOoLIDZ
192861 SE'1  66'S861 SO0F P90 - - - - - 1.0 eyl 060 ¢g'I¢ cEVOLDZ
£9'c86l ¥6°¢ G2°/861L SO'0F 650 - 2c0Fvie - 80'0F L2’} 020FEE'E <2lL0 er'L 080 ¢&'0e LEV0LDZ
89'v¥861 ¥8'C 6¥'/86) SO0F 890 620F 08} 8COFPLL vI'OFECt 2L'0F62')L 920F¥20E 890 Wt cs'0 49'6¢ 0EVO0LDZ
¥6'6861 GL'¢ €L/861 ¥00F €90 - - - - - 190 or'i ¢s'0 69'8¢ 62v01L9Z
09'9861L S9'C¢ 96°/86L SO0'0F89°0 - cc0F 681 - 800F 0Lt 0C0F .6 990 6g’} €60 ¢'/L¢ 82v0oL9Z
6.'986L GG'¢ 028861 900FE6'0 LEOF69C LE'0OFESC cL'OFE0'L 2L'0OF6L'L 620F ILL'E 990 6g'L €6'0 6'9¢ L2V0LDZ
80°/861 9¥'¢ tv¥'886L LOOF LLO - LO0F LE0- - 900880 ¥00F¥850 890 8 ¢s'0 g'¢e 9¢voinZ
43 (ad,,,) wbem Kip B/wdp Budp  Jublom AJp 1ublam AJp Iublom Aip an\m an\w
WHY *°ad,,, *°ad,, B/wdp (g,,,) (ad,,;) B/wdp B/wdp Bywdp (Ap)  (am) 9 wo al
aov IOV .80,  4Odd,, +°Gd,; 19, ,, ad,,, "°ad,, Ausueq Ausueg selem yideg  ejdues

vol-v690

293




S661/1/1 O} peyoaLiod Aeseq ,

00'0S6L G52 S9'0S6+ 10°0F 000 800 F £9°0- 60°0 F 86°0- 800 F 95°0 800 F 160 ¢0°0-F90°0- ¥S'L 26t 020 G665 09V0IDZ
69°1G6L 1S  L61S6L 20'0¥F 900 - 90°0 ¥ ¥€°0- - ¥0'0F69°0 YOOFSE0 P51 26’k 020 S85 65Y0IDZ
8E'€S6L Lv'Z  8L'ESEL LOOFLLO - 80°0F 0€°0 - Y0'0F 190 LOOF 160 L¥'l 88'L 220 G5 8SVOIDHZ
90'SS6L €¥'2  vY'¥S6L YOOFSHO SLOF VSO ¥LOF LGS0 0L'0F 980 800F280 LLOF6EL  LL'L 0L} 1E0 6§95 LSV0IDZ
G/'9661 8€'C 0.'SS6) 20°0%8S0 - ZL0F0L0 - SO'0F260 LLOFLOL  ELL 89'L €60 GS5  9SVOIDZ
vv'856L vE'Z  96'956L €00 F LO'L - LL'OF 080 - G0'0F €80 OL'0OF29'L $0'L €9'L 980 S¥S SSV0LDZ
€L°096L 0£'2 228561 L00¥F2EL LL'OF98°0 LL'0OF090 SO'0F28'0 S00F80'L 600F29'L 00t 09t 880 G€S PSV0IDZ
181961 S2'C 6¥'6561 200F 25t - YL0FGL0 - 900F L'l 2L0O¥FG8'L  L60 85t 6E0 G2 €SV0IDZ
056961 122 GL0961 90°0F 612 - 91’0 %690 - L00F 121 PL'OF68L 260 SS'L Y0 SIS 2SV0IDZ
43 (ad,,,) Em.oz Aip w\Enu m\Eav Em_o; Aip wbiem Aip ybiom Aip nEo\m an\m
WHH *ad,, *ad,, Bbnwudp (g,,;) (ad,,;) B/wdp 6/wdp 6/wdp (A1p)  (1om) % wo al
aoy IOV .80, ~ad,, +*°ad, 19,,, qd,,, moiqd,,, Ausueg Aysueq iejem yidag  9jdwes

voL-v680

294



295




L8L°0F8L2°0L 6EY'0 F 8£6°9 £22'0 ¥ 96£°C 80L°0 ¥ 8661 2900 F LyL'} s'el 148 {1]3574
Si2'0¥2e6°0l €9L'0F 1622 - $€0°0 ¥ 180'C PLO'0F 9E2' S'th 143018574
820°'L ¥ /220t 1GS'0 F 6659 8G€°0 ¥ 200°¢ 0EL'0F Lo8'L 980°0 ¥ 98L°} Get 15481018374
064°0 F v¥p'0l S¥1'0 ¥ $68'9 - £€0'0 ¥ £80°2 LLO'OFOPL')L G2t €ivoLD2Z
EYS0Fesc'tl 160 F LL2'L YGE'Q F SSY'E G.00F6L1°C c0'0F 6521 St civoLoz
9810 F98S° L LLL'OFBSEL - 820°0F LL2C cL0'0¥ 8.2} S'hi civoLoz
y8L°0 ¥ 688°LI 1800 ¥ 65¢€°2 8820 ¥ 168°C 1€0°0 ¥ S08°C 0L0'0F62€°} S0t HV0LDZ
6810 F GE0CL 90L'0F€8E°L - 0E0'0F 08E'C cL0’0F gee’tL S0l LIV01DZ
6G2°0F 9EL'PL 8LL1'0F¥60.L'8 - I1¥0°'0F 86.L°C 910'0F 6991 G'6 0Iv019Z
P8Y° L F POEEL 189°0F 09G6°L 88E'0 F 166'C S61L°'0F 68v'C 0CL'0F IES'L S'8 60v019Z
99¢'0F peECEL GcL'0¥el6'L - P00 F 8LG°C SI00F GLY'L S'8 60v0L9Z
8810 F S¥G°0!L 880°0 ¥ L0E'9 y.c’0F LGEE 0£€0'0 ¥680°¢ clO'0OFpOL°1 A 80v0iDZ
L8L0F LOO'LL ¢60'0F 6159 - ¢e0'0+FE6l'¢e 010'0F 802’1 gL 80v015Z
90E°0F 84¥°01 cLL'0F 0229 122’ 0¥F L08'C Sv0°0 * G66°L cc0'0F v8L°1L S'9 10v0192Z
6€2°0F 168°01 0CL'0F vEYO - 8E0°0 ¥ L90°C GlL0'0¥F L22'} g9 L0V01DZ
06L°L ¥ 8vY'0L v.S0F LL29 ISE'0F09L'E Y910 F tP0'C ¥60°0F 291’} GG 90v0o1LoZ
6610 F 864°0L 160°0F 2849 - YE0'0F PLLC LLO'0F 002} g'g 90v0iDZ
8ES'0F G180l ehe’0 ¥ 9209 yee 0+ 6L0¢ €00 ¥ /90 €P0°0F 02t 1°0 4 S0v0L9Z
INZAVRITINAL c0L'0F9lv9 - 980'0F 9¢c’e 910'0* 025’} S’y SoVv019Z
9¢l'0F 6£C°04 280°0 ¥ 0529 CIE'0F L8V’ 0200 F $96°| 800°0Fest’} S'e 14014018974
€22’0F 102°}1 6800 F £€86'S - LE0°'0F 180°C clo'oFg8e’t g'c vOv019Z
LS6°0 F 0LEO} 6v¥°0 ¥ GEB'S LIE'0F 169°C 821°0F €E6°L SLO0F LLV') g'c €0voiInz
22’0 ¥ 929°01 €8L'0F 919 - $90°0 ¥ 2212 0€0°0F S91°t ge £0voLo2Z
Y02 L F968°L1 L05°0F991°L G6E'0 F9EL°E cSL'0F0ELe 00L'0FG6L’1 S't covoL1oz
L1020 F LIE L) 680°0 F £€6L'9 - SE0'0*F Lpe'e 1100 F 8¥2'L St covoiLoz
LOE'0F L00LL 861'0F 6/2'8 - ¥S0°0F 912’2 SL0'0F002°L S0 10V019Z
Wbiom Xip wblem Kip WUDIOM Adp Wbiam AIp WBaM Aip
{(wesbpudp) (wesb/swoge) (weuib/swoe) (weib/swoje) {wesbswole) wo at

(.01 %) Ndyypge, (01 x) AN, {01 nd,,, (0L ) nd,,, (;01 X) nd,;, wideg  eidwes

vol-v680

296



8610 ¥ 2e291 0820 F G¥2¢Cl eYeoF6LLY LEQ'0 F GOL'E €L0'0 F 08’ g'lLe 82v01DZ
8850 F v6¥°91 8.€°0F 098} - /80'0F lece €P0'0 F GE8| g'/2 82voIDZ
60Cc'0F o8l 6210 Fseeel 9P0F LICE SE0'0*¥8/82 cl0’0¥€99°) G'9¢ FXA (013974
€66°0 F 206'S1 €EL'0F8L9°El - 9EL'0F080E 8L0°0F 06L°} G'9¢ 12v019Z
GlcoFeecel Y09'0Fvie el 02y'0F ¥¥9°2 1800 F G¥S°C LLIOOF G8P'L gee 92voIoZ
S/20F ¥2eEl G61°0F L0270} - €900 ¥ 869°C 6L0°0F ¥8Y°L §'6e 9evoInz
6¥1'0F €621 L0L0F0EL0} 162’0 ¥ 969'¢E 920’0 ¥ 96¥'¢ L0000 F pet'L S've SevoLnz
G620 F2L0E!l SYL'0F89€°01 - 6¥0°0 ¥ €€G°C LIOOF LoV} g've GevoiLvZ
¥2L'0F69L°01 9800 F /2l'8 OL20F0P6'C L20'0F 0602 L00°0F €02} Gg'ee vevoioz
c0E'0F02e' L G810 ¥ 8.8 - 8Y0'0F v¥1'2 6L0°0F992'} g'ee 1£A{813974
PPLOF OLL'LL €91'0FELp'8 GECOFSIP'E Gco'0F v91e 8000 ¥ 6¥2’1 g'ge IXA 03974
GCEOFELPLE 8S1°0F IvP'8 - cs0'0F¢2dce 120°0F 22’} g'ée 1A 0] 3974
6v¥L'0F eveet ¢60'0F Lv8'8 8¥2'0 F 9GE'C Ge0'0* Lev'e 600°0 F £9€°} g'le cevolLnz
GeC'0F vL9°CL PSLI'0F 1258 - SG0'0F619¢C 8100 ¥ ¥6€°L S'te 44 [0]3974
9EL'0F Le6°Cl cy’'0F92e9 c6r'oFglee 2c0'0F e6v'e 6000 F 0S¥'| S0¢e I2v0LDZ
cl2’0FeEYCL €91'0F veL'8 - Yy0'0 F 65P°C L100FELE°L q'0¢c (¥A Jo]RoY4
6¥8'0 ¥ 899°¢l 8SY°'0F LEL'6 LLSOF LIV'Y 9LL'0F L¥9'C 890°0 F 625’} S'61 0cv0o1DZ
S8E'0 F L¥P'El €020 F 96'8 - 0900 F €€9°C 920'0 F 26| 564 0evoInz
86€°0 ¥ 0801 LI2’0F 10C6 - 9900 ¥ £98°¢ 620’0 ¥ 82s’} g8l 61v0iDZ
S8L'0F ¥,9°9) £22°0F yE8'8 S62°0F L6L°E 1200 F€£98°¢ 110’0 ¥ 0002 A ! 8IvoIDZ
8LE0FCLLEL 810 F£€5°6 - 2S00 F L1972 610°0F 825’} gL} 8lv01DZ
0160 * 282 LI 2.2’ 0¥2co0'tL} EPE0OFGLL'Y SLO'0F Lce'e 9E0'0F LLE'} g'91 LIVOIDZ
£25°0 F ¥9¢°L1 fATAVEN Y E AN - 180°0 F £2E'E GE0'0 ¥ 8E6°L g9l FAR L1374
LL2'0 #959'81 6800 F 1211 9820 F ¥¥6'Vv SE0'0 F vOP'E LLO0OFevi'e §'Gl 218 0]R574
PLE0F 88911 6250 F 28v’el - 6500 ¥ 92v'e ¥20'0 ¥ 8.6} G'Gl 91v01DZ
09yt F06L°91 ¥6L°0F G68°L1 66€°0 F 68€'S S02'0Fe6ec’e SLLI0F£98°L R4t SIVOIDZ
cOP'0FGsE'LL CEY'0F G6E°€El - 190°0 ¥ SOt'E 820°'0 ¥ 626’} Svi SIYOLDZ
Em_ws Aip biam Aap wbam Kip Em_wz Aip Em_wB Aip
(weabjwdp) (weab/swoye) (weib/swoje) (wesbyswole) (wesb/swoye) wo ai

(501 X) N0, (0L ) dN,q, H{orx)nd,,, (o1 x)nd,, (301 %) nd,e, uideq  ejdwes

voi-v680

297




Y98°0 F 6LP°vE cleoFgseet SEL'0¥F918'9 850°0 F S6L°€ S'vs SSY0LDZ
¥86°0 ¥ 916°8¢ POP'OF61L°GL LPL0FGLEL 690°0 F 6€£E'Y G'es ¥Sv0LoZ
88.°0 F gescy 98E°0 ¥ 80E'61 YLL'0F 0€S'8 0900 F 8¥9°p §'es £SV0LDZ
LI6'0FGLLEY OlY'0F v8L'GC 6¥1°0 ¥ 98521 8500 F Ly0'L SIS esvo1oz
1880 F £96°LS StP'0 F 10E°92 ovL'0F 86V )L £50°0 F £8E°9 S'0S 1SY01DZ
LIO'L ¥ $80°LS 12¥'0F¢229'02 €EL'0F526'6 080°0 ¥ 0089 S'6v 0Sv0I92
6LL'L FGYSEY 1€9°0 ¥ S6¥°61 6vL°0F LbE'8 1600 ¥ 206t S8y 6vV0LDZ
LBS0OF p¥i'62 €8€°0 F 8Sc'pl 260’0 F 8pL'S P00 F 222t Sy 8yYv0oIDZ
LL2L F L6Y'2e 0290 F gge'2l 8LL'0FELY'Y 6600 F 96¥'2 S'op LYVOLDZ
6.6°0 F OvS'€e Y82 OF ¥SL LI 00L'0 F 205t 6200 ¥ $59°2 5SSy orvoLDZ
99v'0 ¥ 855°€C S/2°0F98L'L1L GLO00F EYS'Y 820°0F 2¥9°2 S'vy ShvoLDZ
S09'0 F SE9°IE SESOF EYO'LL Y600 F €LY WOOF LLYC Sey ¥¥voLDZ
cSP'0F020°1e 812°0F98.°0L 6/0°'0F 9.0t 220’0 F 6vee gey EYV0LDZ
9860 F I¥9°12 90’ F 8601 6EL°0F 902t 890°0F Siv'2 Sy ervoiLoz
02v'0F vivee I8L'0FGee'LL $90°0 F Lbt'y 620°0 F 042 S0y HPVYOLDZ
ere’e ¥ 0v0°691 06L°0FSL0'6 S02'0F0LS°ElL 82€°0 ¥ ¢L6'Ge S6c ovvoiIoz
ELP'0F909°L1 961°0F 120’6 S90°0 F SLpv'E L20°0F S¥6°L g'ge 6EV0LDZ
FA4AVEAR:R:]} £81°0F 9456 1L0°0F2L9°E 620°0 F ¥60°2 S'.E 8EVOLDZ
6GE°0F Gic'8l S8L'0F 2eC6 900 ¥ 109°€ 61L0°0F 0102 S9¢ LEVOLDZ
LSE'0 F 866°91 91’0 ¥ 8£8'8 0900 7 SpE'E 610'0F288’L g'se 9EVOLDZ
LEE'0 F 198°91 91'0 ¥ 656'8 §S0'0F08c't 610°0F 088°L Sve SEVOLDZ
L6E0 F 686°L1 €S1°0F L.6'8 1900 ¥ 629t 220’0 ¥ 096°L See YEVOLDZ
P09°0 F LLY9L 65C¢°0F 6EL'6 ¥80°0F gve'e LY0'0F€E28’L gee EEVOLDZ
£0S°0 ¥ 0£P'9L €82°0F 199'6 980°0 ¥ 602°'C 920°0F 8281 S'iLe CcEVOLDZ
6SP'0F vPl'SL 9/2°0F 5086 080°0 F 996°2 €200 F689°L s0¢ LEVOLDZ
615 0F 8LL°L1L 61E0F 2.8 L) 160°0 F LEE'E $20°0 ¥ 026°L S'62 0EVOLDZ
6.€°0F L80'OL 6SC0F2PL LI 1900 F ¥80'E €200 F LIg'L g'82 62v0LD2Z
Em.&s Asp Em_wg Aip ELm_ﬂB Aip Em_o; Alp
(weibpudp) (weib/swoye) (wetb/swoye) (weib/swoye) (weib/swole) wo al
(.01 X) Ndy g, (oLx)dN,., {oLx)nd, ., (oL nd,,. ;01 X) nd,, Wideg  ajdwes

vO0i-y680

298



IOHM Aq uni sejeoldey ,,
G66L/L/1 01 Pa)oalIod >momD .

291’0 F 6560 LOL'OFEEYO - 0S00F ¥61°0 L00°0F ¥01°0 §'69 09voLoZ
6L1'0F 2892 €90°0F L9}°} - 0€0'0F 525°0 0l0'0¥862°0 9'8S 6SV0I9DZ
€/l2'0F22l'S 92L'0F 0122 - 8v0'0F 8¥lL'L 100 ¥ 629°0 S'.S 88Vv01DZ
LOP'0OF €S9°LL G220 F 1¥6'S - G90'0¥902°2 ¥20'0 ¥ 2ze’L g'9g A} [1]8574
£9Y'0 F 256'81 092'0¥685°L - €L00F GvL'E 620'0% 2602 g'gg 95vY0I19Z
Em_os Ap Em_wz Asp Em_ms Ap Em_ws Ap Em_oa Ap
(weibjwdp) (weab/swoe) (weib/swoge) (wesb/swole) (wesb/swoje) wo at
(.01 X) Ndgypige, (012 dN,, ;01X nd,,, (o1 x)nd,,, (;01 %) nd, ideq  ejdwes

voL-v640

299




£00'0 ¥ 120°0 £90°0 ¥ §65°0 861'0 F £60°2 682°0 F £L¥'E 0500 ¥ S09°0 0LO'0OF L1°0 g'el yLvOLDZ
200°0 ¥ £20°0 #50'0 ¥ £€5'0 - 160°0 F $0S°E SL0°0 ¥ 0650 £00°0 8910 Sel rIVOLDZ
$00°0 ¥ £20°0 05S0°0 F 190 $2E0F L2L'} ¥8E0F LIGE 190°0 * €550 LLO'0 ¥ £S1°0 4! £IV0LDZ
200°0 ¥ 820'0 vE0'0F E1Y°0 - /800 F OLE'E 100  209°0 £00°0 ¥ 2810 g2t £1V019Z
#00°0 ¥ 820°0 250°0 ¥ 024°0 9820 F ¥¥LC £91°0 ¥ 6€E°E 820°0 ¥ 8/5°0 9000 F ££1°0 SLt 2Ivo1oZ
£00°0 ¥ 620°0 8Y0°0 F LOY'O - G900 F 1£2°€ L10°0 F 9250 2000 F 8210 S AN 18574
£00°0 ¥ 6200 6v0'0 ¥ 0L4°0 812°0F 2£6°2 950'0 F 061'€ 100°0 ¥ ¥55°0 2000 F #41°0 S0l LIVOLDZ
£00°0 ¥ 620°0 LY0'0F L6E0 - 650'0F 201 0100 ¥ 9550 200°0¥F641°0 S0t LIVOLDZ
£00°0 * £20°0 690°0 F 9150 . 290°0F €11'E 6000 ¥ 225°0 200°0 ¥ 891°0 S'6 0IVOLDZ
#00°0 * $20°0 2.0°0F 6050 0920  966' GGE'0 F 8E0'E 850°0 F ¥64°0 £L00F €910 g'8 60V01DZ
£00°0 ¥ #20°0 850°0 F L6¢°0 - 2L0°0 % 260'€ 0L00F LYS0 €000 F G410 S8 60V01DZ
£00°0 2200 £90°0FS15°0 GE2'0 ¥ 1882 190°0 ¥ §20°C 600°0 ¥ 2¢5°0 £00°0F 6410 G2 80V01DZ
£00°0 ¥ £20°0 090°0 ¥ 06¥°0 - 190°0 ¥ 246'2 6000 ¥ 6£5°0 £00°0¥ 2840 S/ 80V019Z
£00°0 ¥ 5200 k900 F 16¥°0 €02°0 F ¥5¥°2 0600 F8LL'E #L0°0 ¥ G250 £00'0 ¥ 891°0 S9 L0V0IDZ
£00°0 ¥ 5200 850'0 ¥ v4¥°0 - IS00FELL'E 210'0 6250 £00'0 ¥ 694°0 S'9 LOVOLDZ
S00°0 ¥ £20°0 690'0 F L2¥°0 682°0 ¥ 9992 S/£0%9.0°€ 990°0 ¥ 0¥S°0 ?L00F 910 S'g 90v019Z
#00°0 ¥ 820°0 8500 F 21+°0 - 690°0  602'€ 0L0°0 ¥ 695°0 €00°0F 9210 g's 90v019Z
£00°0 ¥ 610°0 960°0 ¥ S£9°0 2L20F 9¥5e 951'0% 9162 920°0 F ¥6¢°0 900°0 6910 Sy SOV0LDZ
£00°0 ¥ 220°0 /80°0  685°0 - $90°0 ¥ 2882 800°0 * 2240 2000F9¥1°0 Sy SOV01DZ
900°0 F 1£0°0 £.0°0¥ 18€°0 ¥/2'0 F GE0'C £50°0F281°C 800°0 F 2¥S°0 200°0F 0410 g'e $0V019Z
£00°0 F $€0°0 690°0 ¥ 65€°0 - 9900 % 6/8'2 800°0  99¢°0 £00°0 ¥ 291°0 Se YOV0LDZ
900°0 ¥ 2€0°0 2L0'0 ¥ 08E0 S92°0F €622 L0S0F610'C 0S0°0 9640 LLO0OF $91°0 g2 £0V019Z
900°0  ££0°0 £90°0 F 9¥€°0 - £21'07 0167 1200 F 0850 900°0 ¥ 2810 G2 £0V0IDZ
S00°0 ¥ LE0'0 ¥50'0 ¥ £19°0 G820 F L0b'2 6£€°0 ¥ G9EE 2S0°0F ¥IS0 LLOOF €510 gl 20v0o1DZ
£00°0 ¥ 620°0 £40°0 ¥ 26€°0 - 190'0 F £10°€ 6000 ¥ L¥S0 £00°0 ¥ 0810 St 20v019Z
800°0 * ££0°0 #80°0 * 8V€°0 - L[2L'0F9EL'E 6L0°0 ¥ 069°0 S00'0F 5810 S0 LOVO1DZ
ojley ojjes onel onel o).l oned
Ayapoy wojle woje woie woe woje wo al
mO»ﬂ\:moe«.aﬁ .zn_oeu\ mOS- Lno_. :mozx nzsu :mSN\ azsu :manus_._&ae« Wideg 8|dwes
X) Nd,./Nd, .2

voiL-v680

300



2000 # +20'0 9€0°0 ¥ $05°0 6EL'0F G62C 8600 F £¥6°C 9100 ¥ 699°0 c00'0F 0410 g'Lc 1214 J0]R374
2000 ¥ $¥20°0 LEO'OF S8Y°0 - $51°0 ¥ 289'C 9200 F9¥9°0 S00'0F 910 Gg'le 82v0IDZ
L00°'0F910°0 LSO'0F EVL'O 1820 ¥ GE6'} LLO'OF 0E9'Y 0LO'0F 1080 c00'0FELL0 G'9¢e L2v019Z
200'0F LILOO LS00 F 10470 - CLE0F v8Y'Y €500 F ¥9L°0 800'0F 0L1°0 Gg'9¢ LevoLvZ
c00'0F LI0'0 €90°0 ¥ 069'0 2820 F96.L°L Ly20F 86L'Y L¥0°0 ¥ £28°0 c00'0F LLILO g'Ge eTA S0 14374
c00'0F 100 290'0F 9,90 - oLo¥eety 910°0F 1eL’0 €00°0F GLLO g'Gqe 9¢voIDZ
2000 ¥ 0200 GS0'0 F ¥85°0 LLL'OF G95°¢C 090°0 ¥ 850V 800°0F LILO c00'0FGL1'0 g've GevoLDZ
100°0 ¥ £20°0 920’0 ¥ 605°0 - 860°0 F 260t €10°0F60.L°0 Y000 F €LL°0 g've GevolLnZ
L00°'0*610°0 0€0°'0F 9190 8LL'0F Gvv'C 9500 ¥ 888°¢ 800°'0¥9.9°0 c00'0F vLL'O g'ee evoiozZ
€00°0 ¥ €200 LL0'0F OIS0 - y2L'0F886°C 810°0¥ 0490 ¥00°0 ¥ 6910 g'€e (A ]3974
€00°0F €200 0L0°0F 9050 98L'0F LELC 880°0 F916°€ ¥10°0¥8.9°0 c00'0FELL0 g'ce £evoLnz
2000F 6100 8900 ¥ 8090 - PLLOF 86L°E 910’0 # €990 +00°0 ¥ SLL°0 G'ce 1A LRIV 4
c00'0F 120’0 190°0 ¥ GG5°0 €810 F 092 €50°0F 1E9'E 800°0 F 6¥9°0 c00'0F 6410 Sg'ic 2cvoLnz
2000 ¥ $20°0 ePO0OF 6.LY°0 - /600 F £0P'E ¥1L0'0F G190 Y00'0F 1810 g'\e 2eevoLnz
200°0 ¥ 5200 cr0'0 F v8¥°0 YOL'0OF GLY'C 191'0F LgS2 6200 F 9E¥°0 200’'0F2LL0 G602 levoinz
2000 ¥ 2200 6¥0°0 F ¥€S0 - 2600 F LYS'E ¥10°0 ¥ G€9°0 €00'0F6L1°0 S'0¢C Levo1onz
€00°0F 200 0S0°0 ¥ 96%°0 28L0F L06°C 0€e0FeSP'e 0P0'0 ¥ 865°0 800°0F €LL0 g6l 0evoinz
G000 ¥ 6200 2900 ¥ 90t°0 - OLL'0OF L6E'E L10°0F 0090 Y00°'0F 9L1°0 G'6l 0TA [0 3974
S00'0 ¥ 0£00 C90'0F vLE°0 - g0lL'0F gec’e L10°0F 2090 G00°0F /810 g'8l 6iV0LIDZ
G000 F £€€0°0 LS00 F86€°0 LPL'0OF L68°} £€80°0 F 680°C LLO'OF 2P0 1000 F EPLO gL 81V0I9DZ
$00°0 ¥ 820°0 1900 F L2v'0 - 8600 * 89G°€ Y100 ¥ ¥29°0 €00'0F GLL°0 S'Lt 8lv0oLDZ
1000 ¥ €200 620’0 ¥ €250 0L1'0FG00°¢C gt1'0F 60v'E L10°0F L850 00’0 F €91°0 691 LIY019Z
1000 ¥ €200 20’0 ¥ L0G°0 - CLI'OF p.IEE L10'0F 8490 000 F LL1LO g9l LIV019Z
+00°0 ¥ 620°0 GS0'0F61¥°0 8EL'0F LIEC 0’0 F GG62°E G000 ¥ 9250 c00'0F 29l'0 g'Gl 9ivoIvZ
¥00°0 ¥ 820°0 9S00 F €2¥'0 - L91°0F E¥9°E 8200 F LE9'0 €00°0F €410 GGl 91v01L9Z
+00°0 ¥ 920°0 6S0°0 F LSP'0 €120+ 2.l8'¢ 0ee0FEl9e 850°0 ¥ 6£9°0 LLO'OF LLLO Syl 18 [0]3374
€00'0 ¥ 9200 L1S0'0 F 2vv'0 - SvL'0F €E6'E G20'0 ¥ 9690 €00°0F LLL°O Syl SIVOIDZ
oney onel onel ojel ones onels
Auanoy woje woje woje woje woje wo al
$3,e1/Mdyyzece +Ndyyz/S0e, Lacr Ndgye/dN ¢, Ndger/IN,g, Ndge/Mdoyz uideq aidwes

X)nd,../Nd,,,

vOL-+680

301




L00'0 F $¥£0°0 LLO'0OF OPE0 - $S00F 2181 6000 ¥ 92€°0 €00°0¥081°0 S'vs SSY0LDZ
200°0F 620°0 €20°0F0lv'0 - 690°0F tE1'2 LLO'0OF29E°0 €00°0F 0410 g'es YSV0LDZ
1000 ¥ 820°0 800°0 ¥ 80Y°0 - $50°0 F ¥92'C 0LO'0FSIv'0 €00°0F ¥81°0 g'es €Sv019Z
1000 ¥ 6200 cLl0'0F86€£°0 - L¥0'0F 640°C L00°0 ¥ 99€°0 200'0F 6410 g'1s 25voLozZ
1000 ¥ L20'0 €LO0F LEYO - 8y0'0 ¥ /822 800°0F CI¥°0 ¢00'0F 0810 g'0s LSY0IDZ
1000 ¥ SE0°0 PLO'OF GLED - 1S0'0 F8.L0°C L00'0 F £0€°0 200'0F9¥1°0 g6y 0SvoLDZ
L1000 ¥ LEOO SL0'0 F 06€°0 - 980°0 F gEE€'2 SLO'0 ¥ 86E°0 €00°0F 010 S'ep 6YY01LDZ
200’0 ¥ 0£0°0 €20°0F I8€°0 . LL00F 18Y°C €LO'0FEPPO €00°'0F 8410 WA 4 8PV0LDZ
2000 F £20°0 820°0 F 824°0 - 08L0F 2Ll 2 2e0’0 F 064°0 L00'0F LLLO g9y LPVO0LOZ
2000 F £20°0 G200 F tP¥°0 - 980°0F }19'2 cL00F ept0 $00°0F 0L1°0 S'sp oPv0LDZ
1000+ 8200 610°0F 220 - vL0°0 ¥ ¥6S°2 LLO'OF 9¥P'0 €00°0F L0 S'vp Syv01DZ
L00°0 ¥ 820°0 6L0°0F 220 - 180°0F 1292 2L0'0F8Sv°0 Y000 F SLL°0 S'ey 144413574
100'0 ¥ G200 S20'0F£9v°0 - $.0°0F 9992 0L0'0 ¥ 650 €00°0F ¥L1°0 *KA4 £PV01OZ
200'0 ¥ 9200 Y200 F ISP°0 - €9¢'0 F L1992 SPO'0F LY 9000 F ¥£1L°0 S’y ervoLoZ
1000 ¥ 920°0 €200 F OP¥'0 - G600 F LeS'C 600°0 F ¥S+°0 €00°0F 0810 Sov (841013374
120°0F L820 Z000F001°0 - L10°0%2.90 1000 ¥ SE0°0 100°'0F 2500 g'6e oPvoLOZ
€000 ¥ LE0'0 ce0'0FG.E0 - ¥.0'0F 9652 20’0 F 4940 €00°'0F6L1°0 S'8g 6EV01LDZ
200’0 ¥ 8200 L20'0F91¥°0 - LL0°0F809°C LLO'0 F LGP0 Y00'0FSZL°0 g'le 8EV01DZ
200°0¥ 6200 LEO'0 F £0¥°0 - 890°0 ¥ ¥95°2C 0100 ¥ 6510 £00'0F6.1°0 G'9¢ LEVOLOZ
200’0 F L20'0 0E0°0F 6EV0 - 120'0F2v9¢C LHLO'OF0LPO €00°0F8L1°0 §'GE 9EV0LDZ
200'0F 9200 2e0'0 F 9S40 - Y900 ¥ 1EL°C 600°0F 940 €000F ¥L1°0 S've SEVOLDZ
€00°0F LE0'0 0E0°0 ¥ 29€°0 - 290'0F 9.v°C 600°0 ¥ 8S5¥°0 €00'0FS681°0 g'ee YEVOLDZ
2000 F L20'0 €200 F 6EY°0 - 80L'0F618'C 610°0F L0S°0 S00'0F8.1°0 g'ce EEVOLDZ
200°0F 9200 LE0'0F LSO - 02L'0F LIOE LLO'0F 6250 S00'0¥9.1°0 g'Le 2EVOLDZ
200’0 ¥ 9200 LEO'OF LSY'O - 0EL’'0F 8ee’e 8L0°0 ¥ 085°0 S00'0F ¥LL°0 S'0e LEV0IDZ
2000 ¥ 5200 LEO'OF69Y°0 - LEL'OF $pOSE 810°0¥819°0 S000FELL°0 g'62 0EV0LDZ
200'0¥ 9200 620°0 ¥ S9v°0 - €LL0F L0B'E 91L0'0F 6490 €00°0F0L1°0 g'8e 62v0LOZ
olney opel ones opes opes ojes
Auapoy woje woje woje woje woje wo al
S e1/Mdoyzieez +Ndgy2/50¢, knor Ndoy,/ nzS« Ndger! nZS« Ndyc/Ndoye uideg sidwes
x)nd : _m“:n_ z

voi-v680

302



IOHM Aq uni sejeoyday .,
G661/1/1 O} peyo8iIod Aeda( ,

6€L°0F992°0 8L 0F 200 - 1690 F¢ge'e 90L'0F 9Lv'0 Ll£0'0F981°0 G665 09v0IDZ
100 ¥ 9¥0°0 6,00 F 52’0 - 9/1'0F yge'e G20'0F¢6E0 LLO'0OF 9LLO G'88 6SV0IDZ
€000 ¥ €800 €E€0°0 F 8¥E'0 - 8¥1°0 F 09€°C ¢cO0'0Feey’0 8000 F¥81°0 WA} 8GV0I1DZ
200°'0 ¥ 9200 WO 0OF LLYO - 62L'0F €692 6100 F6¥¥°0 S00°0F 910 G'9G LSVY0I9DZ
LO0'0 F £€0°0 CL0'0FSGE'0 - 0800 F9¢0'¢ CLO'0F €9E°0 00’0 F6.1°0 g'6s 9GvoLvZ
oney ones onel onel onel oned
Ayanoy woje woje woje woje woje wo ail
mog —\_Jn_ovu.onﬂ ;q._&ovu\wo\.n— tAnOP 3&3&\&25« :&anﬂ\QZnnN SﬁanN\_.-&oeN r_uﬂﬂﬂ O_QEQW

X ) Nder/Nd,

voI-#680

303




S661/1/1 O} pejoeLod Aedeq ,

- LEOF$8°0 LL'OFPP0 BOOFCO90 BOOFLO'L SLOF¥P'L 80 0s'tL 0 G9l LIELDZ

- 91'0F8¥'0 9L'0F 19°0 80'0FS6'0 L00F280 vIOF LP'L 9L} 69°1L ¢e0 GGt 91€192Z

- OLOF LL'0 OL'0F9G°0 SO0F1LL'0 $OOFG80 800F 0PI 02} cl’l 0€0 SV} SIEIDZ

00°0S6} LL0L 2SS'Lv6i - LL'OFE6'0 0L'OF9L0 SO0F 160 $00F LO'L 600F 18°L  LL'L L9} €0 g€l PIELDZ
BE'ES6L 266 SP'GY6L E£00FSG00 LL'OFHL'0 LI'OF8S0 BO0OF 160 LOOF90°L SLOF29'L Se't SL't 620 67CI ELELDZ
GL'9G6L CI'6  LE'6¥6L SO0FGED 120F Iyt 120F 9Pt 600F9L°0 800F2L0 6L'0Fvi'e 80} S9'L €0 St clEIDZ
€1°0961 €£'8 62656} S00FEL0 9L'0F L't 9L'0FG8'0 LOOFHL0 LOOF60°L ¥L'0F26'L +6°0 9g°1L ov'o S0t LIELDZ
06°'€961 vG°'L 22°'LS6F S0'0F8e'l 6L°0FG8'L 020F9E') 900F L¥'0 80O0OF06'0 8L'0OFG22 €80 0s’'L S¥0 g'6 OlELDZ
8E'9961 ¥.'9 PLI96L SO0OF 2t 120F8L'L 120F98°0 0L'0F 260 600F#2°L 8L'0F60C 880 €91 evo ¢'8 60E1D2
62'6961L G6'S  L0'G96L EOOF IOl 2LOFO¥'L 2L'0F2E°L 900F96°0 GOOF+0'L LLI'OFGE2e 680 e6°1 cy'o g2 80€LDZ
€1'2/61L 91'S 668961 200F +L°0 0L'0OF8G'L OL'OFEEL vOOF 880 YOOFEL'L 600FSbC G80 LS°L 124 S'9 L0€E1DZ
00'G/6L 9€v 26'C¢L61 E00FEG0 L20Fev'L L120F 10t 600F9L°0 600F LL'L 6L'0F8L'C 980 cs’L ev'o S'G 90€192
88°L/61 LS'€  $8°9.61L vO0F LGS0 L2OF9GL SCOFE6'L ELOFLEL 600F€6'0 £20F98C 6.0 FAAY VA 4] Sy S0ELOZ
G.°086) 8.C 9,086} 200F LEQ 220F 9Ll 220F6v'L 600F€6'0 600F02°L 020F¥69¢C ¢80 0s'L ¥r0 S¢ yoeLOZ
€£€9'€861 86°1 69861 YO'OFEE'0 LI'OFEL'C LI'OF /8L 900F ¢80 900F80°L GL'0OFS6'C 080 8Pl 1 A] S'c €0E192
05'9861 611 19'8861 SGOOFEY'O PEOFERBE PEOFSP'E OL'0OFCLO LLI'OF60'L CE0F¥S'Y 650 21 L5°0 gl c0ELDZ
£€8°L661L 0P'0 PG266L 90°0F 820 61°'0F¥89°C 6L'0F¥98'C LOOF00'L 90°0F <280 8L'0F L9E 9€0 cch 040 S0 10E19Z

43 (ad,,;) Em_w; Aip m\Env m\E% Em_o; Ap Em_cz Ap Em.wz Aip nEo\w nEo\m
WHH *°ad,, **ad,, Bwdp  (8,,)  (ad,,) Bwdp  Bwdp  Buwdp  (Ap) (M) % wo a

Jov Jov o Jr J%Ad,,; «**dd,,, 19,,, qd,,, moiqd,, Ausueq Aysueqg selem yideq  ejdwes

304



bve' L ¥ 929°LS - - C6L'0F OEE’ L S80°0 F 18€°9 S'6 QOIE1DZ
016'0F 8PL°LS 80€°0 F 19G°LL - Y60°0 F LEO'LI 980°0 ¥ 909 G'6 LOLELDZ
L80°L ¥ 006°EY - - 69+L'0%829'8 .00 F ¥98'F g8 (B80E1DZ
€610 ¥ 082y OLE'0 F 6.E°EL - $20°0 ¥ 6£5°8 0L0'0F969°% g8 B0ELDZ
95’0 ¥ 88.L°GP 6£2°0 F €€0°'Sl - 880'0 F ¥08'8 $€0°0 F G¥1'S S8 60£1DZ
ceE6'0F£8C'IE - - PPL0 ¥ 8Y6'S 900 F 6£S°E A o80€1DZ
€21°0F288°0¢ L9L'0F 0666 - €200 ¥ $90°9 $10°0 F ¥ep'e A 80€1DZ
€L,.°0F28L'GC - - SLLOFEL6'Y 950’0 F 1682 g9 qLOELOZ
PLL'OF L2L'Ge (XA VENN A - LI00F LG6'Y 800°0 ¥ 6882 g9 2L0E1DZ
0920 F 6.L'v2 OvL'0F920°8 - 9r0'0F €E6'Y €10'0F22Le g9 L0E19Z
299°0 ¥ 9¥9'81 - - LOL'0F $L9'E L¥0'0F290°¢C g'q o90E1DZ
Ov1°0 ¥ 9pS'EC 9500 F 6109 - 610°0 ¥ 600V 0LO'0F9€82 g'S «90E1DZ
€YS'0 F 612G - - 6800 F 980°¢C SS0'0F 199°) Sy qS0ELDZ
080°0 ¥ 15891 ¥61°0 F 689°€ - CLO'0F |190°C S00°0F ¥06°L Sy £SO0ELDZ
020 ¥ 698t LOL'0 ¥ 809V - €00 F 666°C CLO0F619°L B4 (01533974
89v°0 ¥ L0G'OI - - 6.L0°0FGLLC 820°0F Ov1L°L S'e qv0E1OZ
€Le'0F 0P6°0L 280°0F €£00°€ - L20°'0F290°¢C L1200 FSPe'| g'e P0ELDZ
SIPOF LPO'LL - - G90'0F L1272 620°0FS8L°L g'e 4E0ELOZ
i8L'L ¥ Lgeel LLVOFBEOE - G12'0¥809C $90°'0F 082’} S'e L0ELDZ
961°0 ¥ 8v2°01 860°0F6lE'C - €€0°0 ¥ L20¢ LLOOF LEL'L ¥4 €£0€19Z
€050 ¥ 6.9°Cl - - 6.0°0F 0052 €€0'0 F 2oL gl qC0ELOZ
8¥1'0 ¥ 065°Cl $S0°0 F82S5°€ - 20’0 F 6€5°¢C 0100 F LLE°L gt «C0E1DZ
c6S 0 FSSY LI - - L60°0F 8¥EC 8E0°0 F vEC'L g0 qt0ELOZ
G920 F /80°Ct 80L°0F2yL'E - 0’0 ¥ S0P°2 LI0'0F 82E’ L S0 10€19Z
Em_ws Aip Em_ws Aip Em_oz Aip Em_os Aip Em_oz Aip
(weibwdp) {weib/swoje) (wesb/swole) {wesb/swoje) (weib/swole) wo al

(c.OL X) Ny peqc, (0L x)dN,, {oLx)nd,, (oL x)nd,,, (301 X) nd, ydeq  ojdwes

€1-v680

305




SIdD! IOHM 1k painseaw seje;d eydye payoes) pIdY,

4oe] SONH 10H,

G661/1/1 01 pajoaliod Aedsq ,

ISL'0F8lc0 - - 910’0 ¥ ¥20'0 G000 F LE00 g'el €12
L00°0F tv2l0 c00'0F +¥0°0 - 1000 ¥ G20°0 0000 F €100 S'el " 43333574
$CL’'0F 186°0 - - 910’0 ¥ 9510 6000F22L0 i EHELDZ
0200+ GE0°L LIO'OF 8410 - €00°0F SS1°0 L000F2ELD s'cl L1E1DZ
0L'0F 8I8'C 920'0F 1GL0 - 8000 €220 €000 F PEYO get €IEIDZ
801L°0F 6€£5°L1 SY0'0F v10'C - 610°0F L96°E L00°0F 2GL't St eClELDZ
086°0 ¥ G80'6E - - €51°'0¥Fc0ce 6900 F 6EL'Y S0l qtIELDZ
SOL'0F Lvi'8E PLL0F98G°E - 920'0¥¢286'L OO F LYO'Y S0l eHELDZ
€SP0 F 1£8'8E 00L'0F 198'S - 9/0'0FS66°L 820°0F 691L'Y S0t LLELOZ
Wbiom Kip wubiam Aip Wublam Kip Wbiam Kip Wbiam Kip
(wesbpudp) {weib/swoje) (weib/swiole) (wesb/swoye) (wesbswole) wo ai
(.01 X) Ndyyi6e, (,01 x) dN ¢, SoLx)nd,, (oL x)nd,, ;01 X) nd,, ydeg  odwes

€1-4680

306



200'0 F §¥0°0 010'0F 6920 - - - Y000 F 8LL°0 G'6 LOIEL1OZ
00’0 F S¥0°0 0L0°'0F 9920 - LEO'0 ¥ 269°L 900'0F v.2'0 L00°0FeLL0 G'6 0LEIDZ
¢00'0 ¥ GEO'0 G100 ¥ 82E0 - - - Y00'0F LLL'O Gg'8 460€19Z
100’0 ¥ GE0'0 Y10°0F cee’0 - LEO'OF L9G°| 4000 ¥ G820 900'0Fe8Lt'0 g'8 £60€19DZ
2000 ¥ LEOO ¥10°'0F22E0 - cE00F 80L°} G00'0 #2620 c00'0F LLL°0 g'g 60€197Z
1000 ¥ LE0'0 G10°0F 06€°0 - - - S00'0* 891°0 =) q80€19Z
L1000 F 0€0°0 LLO'OF €8E°0 - L2800 F 8¥9°L G000 ¥ 2620 P00'0F LLIO gL 80€19Z
1000 ¥ SE0°0 €L00F L¥E0 - - - S00°0F2LL0 g9 oL0ELOZ
000 ¥ GE0°0 OLO'0F EVYE0 - gG0'0F g6c’t 6000 ¥ 2220 800°0F 2LL0 G'9 L0E1DZ
100’0 F €€0°0 LLO'O F ¥E°0 - 200 F L29'} G00'0 ¥ G620 c00'0F 1810 g9 10€19Z
¢00°0 # 600 ¢c0'0F 1EE0 - - - 9000F8L1°0 g's ¢90€492
€000 F v¥#0°0 8100 F ¥0E°0 - 9L0°0F 20G°} c00'0F 2120 €00°0F P10 g'G 90€19Z
200'0F L2000 2e0'0F eevo - - - L00°0F /810 S’y ¢S0€L92
2000 ¥620'0 0E0'0F S2P 0 - ¥90°0 ¥ S02'} 0L0'0F$61°0 600°0F 19170 Sy S0€19Z
c00'0F 9200 LE0'0 F ¥EV'O - 8€0°0 F 9€4°| Z00'0F G820 200'0FG8L0 Sy S0E19Z
€00°0 F ¥€0°0 $20'0 * 2ee'0 - - - 800°0F G810 g'e o70E1OZ
c00'0 F9€0°0 L1200 F L¥E'0 - €v0°0 F 9S¥°L 8000 F L¥2'0 0L0'0F G910 g'e V0ELDZ
¥00°0 ¥ ¥€0°0 LEO'0F 0EL0 - - - L00°0F 2610 g'c (E0ELOZ
G000 F ££20°0 6€0°0¥ 8820 - 8LL'0F GO9I} 8100 F LE2O 6€L'0F 2020 g'c £0ELDZ
€00°0F LE00 OP0'0F LLEO - SG0'0F LE9°} 600°'0F£62°0 €00°0F 6410 g2 €0eLDZ
¥00°0 ¥ 0£0°0 P00 F 06E°0 - - - L00°0F8LL0 g’ 4C0ELOZ
€00°0F 0£0°0 S¥0°0 F $8E°0 - G20'0F 06€°1L $00°0 ¥ LG2'0 800°0F G810 S’ C0ELDZ
600°0 F 2¥0°0 GG0°0 ¥ 6920 - - - 0L00F 0610 S0 qt0ELOZ
6000 F $$0°0 €S0°0F €920 - 0S0°0 ¥ 90€°} 6000 F LECO €00°'0F 1810 S0 L10ELDZ
oney ojel ojnel ojjel oned ojel
Auanoy woje woe woje woje woje wo ai
80,61/Mdoyzeez *Ndyy/SOye, ANdgeo/Nd,y, Nl gye/IN e Ndger/dN,¢; Ndgez/Mdoyz uideg aidwes

€1-v6490

307




SWdOI IOHM 1e panseew sejeld eydje payoes| pioy,
yoee CONH 10H,
S661/1/1 0} Pe1o8LI0o Aedaq ,

VA LA VER N TAI] 92L'0F$¥01L°0 - - - ¢S0'0F G400 gel 7 IELDZ
9LLOFOLLD L60°0F L6000 - CLI'OF $SL) 810°0 ¥ LEEO 650°0F $¥61°0 S'el N 43948374
LL0'0F 0200 cOY'0F 9€L°0 - - - 910°'0F 210 g'ct £e192
LLO'OF 1200 G6E'0F BELD - vL00FEPLL 8000 F$EL'0 cE0’'0F 6110 scl L1E1DZ
0€0°'0 ¥ 950°0 9/20F ¥19°0 - 8LL'0F LL9°0 9000 ¥ G€0°0 2000 * 1S0°0 gcl CIELDZ
200’0 ¥ 1S0°0 OL0'0¥ 6610 - ¢L0’0F 8050 €00°0F S0 Y000 ¥ 922’0 SLE eCLELDZ
¥00°0 ¥ €500 SLO'0F ¥02°0 - - - S00'0¥861°0 G0l qtE1DZ
+00°'0 ¥ 250°0 GlL0'0F 0120 . 20’0 F64v°0 +00°0 ¥ 680°0 800°0 ¥ L61°0 S0l et 1ELDZ
#00°0 ¥ £50°0 SL00¥ 0120 - P10'0F 2ELO €00°0F0tL0 c00'0¥F 2610 S0l LIELDZ
oney ones opel ones ofed ones
Anapoy woje woje woje woe woje wo al
80 ,e1/Mdoyzeez +Ndgy2/80 ¢y Ndye/Mdy, Ndgye/dN e Ndgep/dN,c, Ndger/Ndoyz uideq ejdutes

€1-v6890

308



88,961 29°C  YO'6E6L O'0OF /80 8L0OFG80 8L'OFBLO LOOFOSL SOOFEYL 9L'0OFOET  64'L L 10 S¥e Sev0SZ
86'8961 LP'E  26'LY6L 900 F L0'L €20F B0} 220F06'0 60°0F 00k 900F LLL 020F29C M2 €L O0E0 §'€  $2r0SZz
LO'0L6L 2EE  OZPYEL YO'OF L6'0 OL'OF6LL QL'OFLLL Q00F GG L ¥O'OF LS'L ¥1'0F 892 6Lt 1L LE0 S22 £2v0SZ
LI'LLBL BL'E  8Y'OV6L 20'0F 6¥°0 60°0F 9Y0 60'0FSH0 E00F8E'L 200 ¥ 8L BOOF I8'L 9€L 281  S20 G4  22v0Sz
92261 €0'C  9L'8YEL €O'0F6S0 ZLOF 180 LL'OFER0 $O0OF 9L €00F G2 L OLOFE0Z 92+ 9L+ 820 G0Z  12y0SZ
9E'EL6L 882 $O'LGEL €0'0FOL0 9L'0OF66'0 SLOFGO'L GOOF YL vOOF2y'L ELOF¥ES L'k 99k €0 &6  02¥0SZ
SPyL6L €L CEES6L S00FvYO LLOFGE0 LLOFI80 OOF YL €O0F Ly L OL'OFETS 12t €L 0E0 S§8L  6Mp0SZ
GS'GL6L 652  09'GS6L 200FOF0 LLOFO0L LLOFHO'L OOFOP'L €00F 2yt 600F¥EC 02h 2Lt 0E0 G§ZL  8I¥0SZ
v9'9/6L vP'e  88'.G6L 20'0FSY0 60°0F LO'L BOOFOL'L YOOFZEL 200F €T LOOFLZE 12 2L O0E0  S9L  LIYOSZ
vLLL6L 622  9L°096L €0'0F 0G0 SLOFO80 SLOF06'0 SOOF6Y'L YOOFSY'L €L'0F¥2e LLL  O0L1  LE0 SSL  9H0SZ
€8'8/6L ¥L'Z ¥¥'296L €0'0FOEL0 LLOFLL0 OLOFO00'L GOOFLE'L €00OFOL'L 600F 0L 82}  LLh 820 G&vL  SGipOSZ
£6'6/6L 66'L  TLY96L CO'OFLED YL'OFLOL ¥L'OFO00'L GOO¥ L2} €00F 62} SL'0OFOLS 9kL 69k 20 SEL  PIPOSZ
201861 G8'L  00°L96L ¥O'OF LYO 6L'0FLLO LLOFOL'L 800F29'L SO0OF2E OL'OFSES ¥#L'L 89  2€0 G2k €LPOSZ
21’2864 0L  82'696L YO'OF 0G0 6L'0FO0E'L 6L'0OFGLL LO'OFHL'L GO'OF/8'L 9L'0F 882 €L'L  89F €0 &L 2HOSZ
12'€86L GGk 9G'LL6L €O0OF LSO OL'OFEL L GLOFO6L LOOFLYL POOFOV'L ELOFLEE 00F  09'F  8€0 SOI L$0SZ
LE'P86L OF'L  ¥8'€L6L €O'0OFOV'0 ELOF I8'L ZLOFHL'Z 900F 2L’} €00FOF'L LL'OFELE 160 S5+ PO S'6 0L¥0SZ
Ov'G86L 92k  2L'9L6L €00FLEO PLOFLOL €LOF68L Q00F L9k €00OF eyl 2L'0F02E 260  GS'F O 68 60¥0SZ
05'986L L1'L  Ob'8.6L £0'0F 1G0 €EL0OF 28 20T 122 Q00F L.k €00OF OV’ LL'OF6V'E 880 €5t 2¥0 G2 8010SZ
0L/861 960 89'086} SO'0OFGS0 IZ0FG8 L 020F6LZ 600FOLL SOOFvy'L 8L'OFISE 180 8L  9¥0 &9 L0v0SZ
06'886L L8'0 96286+ €0'0FOV'0 2L'0F202 LL'OF+0'Z SO0OF89'L YOOFO9'L OL'OFESE L0 9%k 80 GG 90+0SZ
0L'066L 99°0 $2'G86L SO'0F 820 E20F 052 L20F292Z LLOFERL LOOF2L L 6L0OFO0CY 690 Wl 150 St S0v0SZ
OE'L66L 2G°0 25°/86L PO'OFOL'0 0Z0F62C 6L'0F2HE 600FG8'L 900FELL LL'OFO6Y 290  L€L S50 G€ ¥0v0SZ
062661 LE0 08'686L £0'0F620 SLOFEYE vL'OFBSE 900FOF L YOOF byl SL'OF P8y 650  G€'F LSO G2 €0v0SZ
0L'€661 220 802661 90'0F €20 L0 LEE OVOF LO'E OL'0OF09'L 600F98'L 2E0FGEY 6V0 62+ 290 §'L 2008z
06'v661 200 9E¥E6L YO'0OF 620 020 F LV'E BL'OFBG'E BOOFOP'L SOOFGEL LLOFvL'y 860 €21 690 SO 10¥0SZ
13 (ad,,,) wblemAip  budp B/udp  ublem AIp 1ublom AJp WDIeM Ap  wiob  wo/b
WHY *ad,, *°dd,, Bmwudp  (g,,) (ad,,) Bwdp  Buwdp  Budp  (fp)  (em) %  wo al
3oV ED) 80,  «®Gd;, +°Ad,; 19,,, ad,; '™dd,, Aususg Aysueq selem wideq  ojdwes

v0-56490

309




S661/1/1 O} Pe108.I0D Aede( ,

vL'¥S6L 6€'G  82CL6L YOOFOP0 9L'0OFLLO SL'OF280 LOOF YL GOOFLE' L ¥L0Fvie LE') el S¢'0 g'9¢ LEY0SZ
£8'G561L ¥2'S 99°FI6L €OOFHE0 8L'OF PGS0 BL'OFGS'0 SOOF9E'L POOFSEL LOF 8L L€} 8Lt 20 g'se 9et0SZ
£€6°9G61L 0OL'S  ¥8'9L6L €0'0F 640 €L'0F €90 EL'0OFGS0 ¥OOF2L'L €O0OF6L'L SLOF IL'L  1E'L 8L’} 12’0 ¢St SEP0S2Z2
20'8s6L G6't 21'6L6L 200F9L°0 OL'0O+8L0 60'0FGL0 E00FCL'L 200FEL'L 80OOF08L 6€°L £8°1 v¢'0 G'tE YEv0SZ
ci’'6s61L 08y Ov'1e6l €00¥F8L0 0L'0F9L0 OL'0OF89°0 YOOFOL'L €0O0F8L'L 600%28°L 8E'L €8’} G0 6§¢ce £evosz
120961 S9't 89'ce6t PO'OFGSB'0 LL'OFBE6'0 9L'0F9L°0 900F 02t vOOF vl #1'0F€L'e 82} Ll 20 G§'le cey0sZ
LE196L LS’y  96'Gg6L €0°0F93°0 LL'OFSP O LL'OF6E0 YO'OF LO'L €00F2L'L 600F 6L  8E'L €8} G20 §g0e 1e¥0SZ
0b2o6L 9ty p2'8e6L vOOFPL0 6L°0F8P'0 BL'OF LGS0 LOOFGC'L SO0F2e'L 9L0F0L'L SP'L 18°1 cc0 ¢g'6¢ 0ep0SZ
05°'c96l L'y 2S0e6L €00FECL €L'OFOG0 €EL'0F 990 SO0F02'L €00F0C'L SL'OFELL ¢€£') 08t 92’0 ¢6'82 62v052
09'v961L 90t 082E6L SOO0F20'} 6L'0Fvv'0 6L'0OF9Y'0 LOOF L2'L SOOFSSL LL'OF69'L LE'L 28t §20 G§'/l2 82v0SZ
69'G961 16'€  80'SE6L 200F v¥'0 LL'OFLP'O OL'OF 490 POOFGL'L €0'0F8L'L 60°0F09'L 25} 1671 020 69 1ev0SZ
649961 LL'€ 9€/€61 YO'0OF6S0 8L'0OFEL0 8L'OF09'0 900F 260 SOOFSO'L 9L'0OF 19} 8€'L €8t G20 §'se 92v0SZ
3 Anmzuv Em_o; Ap m\Eav “\Enu Em_m; Ap Eu_o; Aip Em_ms Aip nEo\m nEo\m
WHY **ad,, **dd,, Bbwdp  (g,,) (ad,, Bwdp  Budp  bpudp  (Aip) (M) % wo ai
3ov ED) «80,¢, <%d,,, «*Ad,,; 19,,, ad,,, ®oqd,,, Ausueg Ajsueg sejem yideq  ejdwes

v0-5690

310




P8E°L F L6GVE 9620 F LIv'9 - BLL'OF viv'Y 881°0 ¥ 889V g've Gev0Sz
ceP'L FYEL'GE 19¢'0¥ 1899 - €61L0F |EB8'Y L6L'OFGLLY S'ee ¥ev0SZ
692°0F8L0°LE 9580°0 ¥ £62'9 91E'0F ¥S1°L 1€0'0 F L6C'Y 610°0F 00tV g'ce £290S2
LSYOF6eyLL GLI0FCLEY - LLOOFEBL ) LS00 F LEV'L §'le cey0sz
8SH'0F pv L1 0LL'0F9Sc'Y - .00 ¥ 058°} LSO0FGIY'L S02 L2¥0sZ
9EL'0F €291 Y0'0F OIS LICOF /8E'E Ll0'0F82te 6000 F $68°| S'6l 0ev0SZ
8Ly'0 F 8¥¥°0L LYL'0FGL9'E - C90'0F 199°t $S0°0 F 6EC° <8l 6L¥0SZ
S81L°0 ¥ 9002} €900 F 128} P6LOF L2)'E 2e0'0F2sL'} YLO0F ¥SS°L SLt 81v0SZ
YEG'0 F HGE'ECL L9P'0F 925 L1 - L80'0F 2Lt¢ 9900 F 9¥9°L g9l L1v0SZ
c02'0 F ¥.LG°GI 1600 * 1616 cET0F£99°E £€20'0¥ 8812 910'0F 9402 GGt 91v0SZ
6BE'0OF €2L'6 2’0 ¥ 960'9 - GS0°'0F 28E’L 1S0°'0F gL2't S'vi S1v0SZ
082°0 ¥ 6EGCI cLi’0F 0049 - LE0'0F2L6°L L10°0¥ 269’} SEl 1082
ces’'0 ¥ g6eel 9€2'0 ¥ ¥68°'G - 0800 ¥ 666°| 8900 ¥ 669} gct €1v0SZ
Y0E'0 * E8Y'EL 6ELOFEVLO - LE00F ¥E0'C €20°0F 02’} SLL 2¥0SZ
12’0 ¥ 9/8CI 680°0 F 259 €980 F L9C'Y 6200 F 0€0°C €L0°0F 019} G0l L P0SZ
€950 F 995°E} 89€°L F I61'VE - L60'0 F 6.2°¢ 9900 F S¥9°L S0l L1$0SZ
802°0 ¥ G60°C1L /800 F 2089 - 6200 ¥ 8.8°L LLO'0 ¥ €25°1 S'6 01¥0SZ
8GO0 F 9vv' LI LLEQOF2EY'D - 690°0F6L.L°| 6S0°0F €9Y°L g'g 60082
1920 F 6L0'El SY20F L¥L'6l - YEO'OF LL8°L L10°0F€69°L ) 8010527
9Py O F ISLLL 605°0F gL ¢l - 8900 ¥ 669°L LSO0F LIY'L G'9 L0v0S8Z
Cly'0 ¥ 88201 Sov'0F L2L'0t - €90°0 F ¥95°L cs0'0F80eg’t g'g 90v0SZ
O 0 F €00 L LIE0OF ¥E6L - 0L0'0F GSL'L GGO0'0F 69¢€°} S’y S0v0S2
LO2'0OF LLS'LL L01°0F 289 - 820'0¥F L18'} cLO0F 0sY’| g'e ¥0v0SZ
GBE'OF LE9'6 8GC'0F L¥v'9 - 290'0F e¥S°1 8yY0'0F 961°L g'c €010SZ
€€20F 0L 0L 9400 F ¥81°'G - £E0'0F 2¥9'1 2LO0FELIEt gl 20v0SZ
€.8°0F GEC'6 G61L'0F 6.8 - c90°0F 195t SYO'0F GEL'L G0 10¥0SZ
wbem Aip wbiem Kip wbiem Lip bom Aap WbIom Alp
(weabjudp) (wesb/swoje) (weib/swoye) {weib/swoje) {weab/swoye) wo a
(.01 X) Ndyypige, (012 dN,, {0Lx)nd,,, (01 %) nd,,, (01 ) nd,e, yideq  ejdwes

v0-s6490

311




IOHM AQ unu sejeoydey ,,
S661/1/1 0 paloaLod Aedeq ,

PLLOF8G8LL 16L°0F 8LLY - LOL'0F viSe ¥60°0 ¥ pvE'C g'oe LEV0SZ
€10 F $S°9L 8600 F 891L°G €/20F6IlEE $20°0 ¥ 965°¢ 0L0'0*FcL0¢ g'6e 9ev0SZ
L/8°0F826°IC 9G€'0 ¥ 006'8 - SO0 F vv0'Y lOL'0F LeSe S've SEY0SZ
i¥20Fgegee L.0°0F980'6 €CE0F 126'L ¥£0°0 ¥ 055°S 810°0 ¥ 696°¢C Gg'ee yEY0SZ
8620 ¥ 616°LE G/0°0 ¥ 688’8 OvE'0F 0lC6 6E0°0 F $68°S 0CO0F¥LL'Y g'ee £EP0SZ
L.L02FGL6°LS L2Y'0F 61901 - 062°0 ¥ 962°.L €.2°0F G£8°9 Sie 2eY0SZ
G2e'0 ¥ 860°SE G90°0¥ 8SL°L EEE0F 1LE°L 000 ¥ L8V 0200 ¥ S¥9'y S'0¢€ LEYOSZ
¥62°0 ¥ 891°€€ 880°0 F 1€8'6 cEE’0 F #4968 6E0°0 FOLG'S ccO'0F EVO'Y S'6¢ 0€y0S82
91L0°CF LIY'0S 069'0 ¥ 9629} - 69€°0 ¥ 912’6 YE2'0 ¥ 6£8°G §'8¢ 62082
L8L'0F28S'LL ogL'o*giect 66€£°0 ¥ 800G} 080°0 ¥ $85°6 6900 F €456 G'le 82¢90SZ
980°L F Ovt°LC 802°0 ¥ ¢02'S - OrL'0F G6p'E LYL’'OF €89E G'9¢ 42v0SZ
c0€'0 ¥ 00¥'2c c80°0F LLO0'Y LSP0F 106 €600 F LEB'C 1200 F LS0°E Gg'6e «92v0SZ
c0E'0F616°L2 GG0'0Fesey ¥92'0F LES'Y L2000 F 0veE le0'0F616'C g'se 92v0S2

Em.o? Ap Em.m.s Aip Em.o? Aip Em_m.s Aip Em_ﬁs Aip

(weibwdp) (weab/swole) (wesb/swole) (weasbsswole) (wesb/swoye) wo al
(.01 X) Ndypgc, (0L X) dN,¢, «{;0Lx)nd,,, (,01 %) nd,,, (301 %) nd,, wdeg  sjdwes

v0-5680

312



€000 ¥ 0¥0°0 6200 F Lv¥'0 - LS00 F ¥EV'L G000 F LELO 0000 ¥ G600 S've Ger0s2
¢00'0 F €€0°0 ¥€0°0 ¥ 605°0 - GGS0'0F2ec’t 9000 F OFL0 100°'0F 1010 g'ee yey0SZ
L00'0 ¥ $E0°0 120’0 F 8’0 0000 ¥ 2000 L10'0F Q9’| 200’0 F €510 100’0 F G010 g'ce €er0SZ
100°0 F £€20°0 GEO0'0 F 0£9°0 - 8600 F LGP'C 2L0'0F $0E°0 000 F P2l 0 g'le ccy0sZ
L00'0F 6100 SP0'0F0€L0 - ¢60'0F £0€°¢C 2L0'0F LOED 200°'0F LEL0 G'02 1ev0SZ
LO0'0 ¥ {20°0 GE0'0F 1G240 0000 2000 L20'0F0ci¢ €00°0 ¥ 8EC'O L00'0F2CLL0 g'61 02v0SZ
200’0 F $20°0 €¥0°0 F LY9'0 - €600 F LeE'C HO'0FG.20 LOO'0OF LLL'O a'8l 61052
L1000 F 920°0 120’0 * 865°0 000°0 ¥ 2000 6v0'0F 2GL2 S00'0*F0LE0 L0O00OFELLO gL 811082
c00'0 ¥ 0£0°0 620'0F 990 - (4 YA AR} 820°0F00L°0 L00'0F2EL0 g9l LIY0SZ
c00'0F LEO'O 0E0'0F 61970 0000 2000 1900 F LOCV 9000 ¥ 64¥¥°0 1000 F L0L°0 S'Gl 91$0SZ
2000 F L20°0 8¥0°0 ¥ 685°0 - SLI'0OFSLEY 6L0°0F 6.0 C00'0FOLLO Syl SIy0SZ
¢00’'0 F ¥E0°0 6200 F LEVO - 060°0 ¥ S05°€ 8000 F I2¥'0 c00'0F021i0 g'el bL$0SZ
£00°0 ¥ 820°0 1S0°0 ¥ 8ES'0 - 811°0F 8562 Y100 F LvE0 100°0F LLLO gct €190SZ
¢00'0F L2000 L¥0°0 ¥ G95°0 - 880°0F L20'E 600°0 ¥ LSE'0 c00'0F8LL°0 St cty0SZ
200’0 #6200 OO0 F LLS0 0000 F€00°0 Y900 FG12'e 9000 ¥ SOP°0 c00'0F 9210 S0t » L 1P0SZ
¢00°0F L20'0 P00 F $16°0 - c6S0F66.L 7L €80°0¥ 8402 200'0F 0¥L0 S04 LP0SZ
200’0 F0€0°0 LEO'OF 88Y0 - €.0°0 F ¥29'E LO0'0OF L¥Y'O 200'0F €20 G'6 0Lv0SZ
€00°0% LEO0 0’0 F 26¥°0 - 612 0F6LY'S 920'0 ¥ S¥9°0 L0O0'0F8L1L0 g'8 60Y0S2
200’0 F 9200 6€0°0¥ 2290 - ISAAVERAVTA ] 8LO0'0F LEL'L c00'0F LLI'O WA 80v0SZ
¢00'0¥ 0200 890°0F I¥L'0 - 8620 F 8EV°L 9E0'0 ¥ 6680 L1000 F 20 G'9 L0¥0SZ
200’0 ¥ 9200 Ly0'0 ¥ /890 - 862’0 F 6¥'9 LEO0OF¥LL0 L1000 F 0ct'0 g'g 90+0S2Z2
200°'0F6€£0°0 2900 F ¥9€°0 - 08L0F LOS'Y €20°0F 0850 100'0F 6210 * 4 S0¥0SZ
G000 ¥ 8E00 $S0°0F 280 - 280’0 FGSL'E 8000 F LL¥0 200'0F g2l o g'e +0v0SZ2
000 F £€0°0 9v0'0 F L2¥'0 - SOL'0F9LL'Y ¢c0'0 ¥ 6£5°0 c00'0F ILEL0 q'c £0v0SZ
¢l0'0F 9900 ¥80°0F 8IE€0 - 6L0°0F9GL'E L00'0 ¥ G6E°0 €00'0F G210 S’ c0v0SZ
G00°0 ¥ 2e00 190°0 ¥ G¢v'0 - G2L0*GLL'e L10'0F 62v'0 LOO'0OF8EL0 g0 L0P0SZ
oney onel onel oljel ofjel ojed
Awanov woje woje woje woje woje wo al
83 ,e1/Mdoyzacz +Nd 2/ ey *Ndge/Nd, Nelgye/dN e Ndgeo/dN,c, Ndgez/Ndgsz yideg  ejdwes

t0-s640

313




IOHM Aq unu sejeoydey ,,
S661/1/1 01 Pa1osLI0d Aede( ,

G000 ¥ S¥0°0 1800 F 29E°0 - 9.0°0F /68| 800°0 ¥ ¥0C'0 100'0 ¥ LOL°0 G'9t LEY0SZ
£00°0 ¥ 6¥0°0 G200 ¥ 10E0 000°0 # 200°0 6c0°0 ¥ ¢20¢ €00°0F 6420 L00'0 F €210 g'ge 9ev¥0S2Z
€000 ¥ S¥0°0 610°0* G20 - 880'0F961¢ v10°0 ¥ 2S€°0 L00'0F 091°0 S've SEYOSZ
L00°0F €400 800°0F2LE0 0000 F 2000 LI0°0F LE9'L 200'0* 6220 1000 ¥ OPL°0 g'ee YEPOSZ
c00'0 ¥ 6¥0°0 010’0 ¥ £0€°0 0000 ¥ 2000 910'0 ¥ 805} c00'0F 9810 1000 F €210 g'ee £EY0SZ
000 ¥ 190°0 LI0'0F 6920 - 650°0 F 891°} 900°0 ¥ 9540 100’0 F 9010 S'ie cey0S2Z
200’0 F $S0°0 €L0'0F 01€°0 0000 ¥ 2000 610°0F €09'} 200’0+ /910 1000 ¥ $01°0 g'0e 1€$0SZ
€000 ¥ §+0°0 610°0 ¥ 80€°0 000°0 ¥ 200°0 020'0F28.’L €000 F €¥C0 L00'0F 9EL°0 Gg'6e 0ev0S2
c00°'0F 100 SL0'0 ¥ 90€°0 - 0L0°0F09L°} LL0'0F 8420 L00°0 ¥ 851°0 g'8c 62v0S2Z
€00°0¥ 0L0°0 LLO'0OF E¥20 000°0 ¥ 2000 L10°0F682°L c00'0¥ 6210 L00'0 F 0040 S'le 8ev0SZ
+¥00°0 ¥ 290°0 610°0F /82°0 - 090°0 ¥ 66%°L 9000F Lvi'0 1000 F $¥60°0 g'9¢ 12y0SZ
€000 F 8€0°0 €E0'0F 8.0 000°'0F200°0 €EO'0F LEV'L €000 F EELD 1000 ¥ £€60°0 g'6e «»92v0SZ
€000 F L¥O'0 620°'0F 810 000°0 ¥ LO0°0 0200 F £pE’} c000F LELO 100°0 ¥ €80°0 g'6e 9ev0SZ
ojey ojjes opel ojjel ojjel ]
Ayanoy woje woje woje woje woje wo ai
82 6/Mdoyzecz +Ndy7/80 ;. *Ndger/Nd,yz Nelgye/dN e Ndger/dN e, Ndyee/Ndoyz Wwideg  sjdwes

$0-5690

314



9006961 lelyl'e 20E'GL6L YO'OFOL L LL'OF¢IL'L OL'OF PP'L GO'OFE0'L 200FSL00L0F2Le 2L vl 620 S've G2s0SZ
80S°'G96} €5/810°C 980'9.61 YO'OFEL L LL'OF2L00L0FLL'L GO0OFO02'L 20'0FLL0600F88°L 0F'L 8/.'1 le’0 g'te 2505z
10’9961 S562068°C .698'9.61 ¥O0'0F8S'L EL'0OF ¥8°0 2L'0F 82'L SO'0OF80'L 20'0F 990 LL'OF88'L G2} SL') 60 ¢gce £250SZ
£1G'9961 B8EBLIL'C €99°LL61 €00OFEE'L LE'OF VL0 0L0OF L2 GO'OFLL'L200F890600%F88°L 611 Wt 10 G'le 2¢S0SZ
SLO'L961 BEEED'C 9EV'8L6L VO'OF LS'L YL'OF L2 L €L0OFOL°L Q0'0FGE'L POOF LP'L 2L 0F IS2  LI'L L9} €€'0 §'0¢ L250SZ
L1S°/96) £26¥05°C 226461 90°0F LL'| 220F 9’ 120F26°) 80'0F 0L’} YO'OF98'0 020F89'2 60°L g9} ¥e'0 G'61 0250SZ
610'8961 S9¥9.£°C Y00'086}1 SO0 F €S’} 82 0F 64" L20F6S'L LOOFES't SOOFEY'L 920F¥6'c 90t $9°1 ge'0 G981 6150SZ
125'8961 L008YZ'C L8.°0861 90°0F 8’|l €2'0F €51 12'0FG6'L 80'0F L2 ¥O'OF L8O 6L0FeLe Ol 99°'1 ye'0 Sl 8150SZ
€20'6961 SS611°2 12971861 YO'OF LE'L ELOFB8I'L CL'OF99°'L Q0'0F9E'L POOF6EL LL'OFLEC LL'L 99t ve'o g9t L150SZ

G25'6961 260166'L vSE'CB61 - - - - - - 4 L9°1 €e0 g6l 9160SZ
£20'0.6} SE€9298') BEL'EB6L YO'OF¥8'0 CLOFOL'L SL'OF L6'0 90°0F 20 SO'OF pL'L OL'OF L02 LL'L L9} €e'0 Sl §1508Z
625'0461 LLIYEL'L 226'EB6L - - - - - - oLt 99’} ye'0 g€l 1508z

LE0'LL6L 22509°L SOL'v861 SO0 F 68°0 91'0F6G°L GL'0F2S'L 80O'0OF LE'L SO0F6EL EL'0F P82 2L} L9} €e'0 g¢el €£1650SZ
£ES' 1.6 C92LLY'L 681'GB6L YO'OF80'L EL'OF 0Pl SL'OFG8'L SO0F LE'} €00 FG6°0 LL'0F0L2 SOt €91 G0 G'tL 215082
GE0'CL61 v0O8BYE'L 2/2'986) G0'0F €S0 8L'0F 80} LI'OF Q0L 60'0F0S'} 90'0F25'L GL'0OF€ESC /60 8971 60 S0!I 115082
8EG'2L64 LPEOCE') 990°/86) SO'0F 890 61'0FEL'C8L'OFSPC 600F LE'L SOOFHO'L OL'OFEEC'E 260 8S°L 60 96 01508z
y0'€l6l 688160°} 6€8'2861 SO'0F96'0 02'0F 612 61'0F 422 600 F 8L 90'0F €V’ LL'OF LS'E 680 £5°1L cv’'0 9’8 6050SZ
CYS'EL6l 2EYE96'0 £29'8861 LO'OFGE'L 220F 062 020 F$2'€ OL'0OF $S°'L GO'OF L't 8L'0F L2y 180 8yl 9’0 §4L 805082
PrOvL6L PL6VEBO LOV'68EL 90'0F G2l 020FY0'E 8L'OF LL'E 60'0F LG'L 90'0F6E°L 9L'0F e’y 610 8’1 9’0 S99 £L0S0SZ
9vS'v/61 L1S90L°0 6L°0661 LOOF8BL'L SCOFEOEC ECOFVEE LL'OF OV L 900F L1} L20FEEP 9L0 oL 8’0 S'S 9050SZ
8Y0'S.61 6S08.S°0 ¥.6'0661 90°0F 90t L20F€9'C 02’0 F95°C 60'0F LS'L 90'0F LS'L 8L'0F20F €80 0S°L S0 SY S050SZ

GG'GL61 L096YY'0 LSLTL66L - - - - - - 280 6V} S0 9t $0S0SZ
GG'G/61 PPLICE’0 L¥S266L YO'OFEE'0 02 0F LGC6L'0F¥SC 800F 0L SOOF et LLI'OFS8E $80 0s°t o Ge £050SZ
SG°9L61 989261°0 SCE'E661 - - - - - - 180 8yl 90 Gt €050SZ

508961 6227900 80L'v661 ¥O'0F LE0 6L'0F 682 8L'0F 882 80'0F2S'L SOOFES'L LL'OF62HY €40 12" 6¥'0 S0 10S0SZ

13 {ad,,,) wbemAip baudp  Budp  jubtem A4p 1uBlom Ap JuBaMm Aip JUTEYJTEY
WHY *ad,, *ad,, b/wudp (1a,,;) (ad,,,) B/wdp B/wudp Bwdp  (Aip)  (om) % wo al
oV IOV .80, Ody, +°Gdy,  18,;  Gd,; '™ad,, Aususq Ausueq selem wideg  eidwes

$0-5680

315




S661/1/1 01 peoelod Aeoeq ,
- - - - el 89'L €80 ¢g'8P 6v90SZ

0s6} c610EC'9 96¥°9561

190561 2.20¥1'9 vPO'LS61 - - - - - - YA el’l 0£'0 8'Lb 8¥50SZ
I8 1S61 LL2EL6'S €90'856F €0O'OF 000 cL'OF90'L FL'OFGO'L SOOF v'l €0'0*88°0 LL'OFvve vI°} 69} ce0 GO L$50SZ
SGv'ecS6l 618v¥8'S Ly8'8961 - - - - - - 1 89°1L €60 6'Sh 9vS0SZ
890°€S6} 29€91L°G €9'6561 200F LOOCLOFSLO LL'OF L2t SO0OF¥EL 200F1800L'0F 20T 12} cl't 0e0 Sty S¥508Z
¢89'EG61 ¥06.85°'S v1v¥'0961 - - - - - - L2} 9Ll 82’0 St y¥50SZ
G62'¥S6L LvPESY'S L6L°1961 €00F QL0 21L'0F 601 LL'OFOP'L SO0FGL'L 2000F0800L'0F 6L iC'} gL'l 0e'0 Sy £v50SZ
606'vS61 6860EE'S 1861961 - - - - - - 8t'1 YA 0 Sy eys0SZ
£25'9661 1€620C'G S9.°2961 €O0FQE0EL'OFOLOCL'OFOL'L SOOFOL'L 200F2L0L1'0FegL pEL 081 9¢'0 sov L$S0SZ
9€1'9661 +L0V.L0°'S 8YS'EO61 - - - - y - S¢'L SL') 620 §'68 0vS50SZ
G1'9661 919S¥6'y 2EE' Y961 €00 F LE0 LL'OF ¥P'0 60°0F €8°0 SOOF ¥6°0 200 F LGS0 600F9€'L 1€} 8.1 le’0 98¢ 6€50SZ
9e°LS61 6SLLI8'Y G11'G961 - - - - - - £e’1 08’L 9¢'0 §'.E 8£50SZ
LL6°/G61 10/889'y 668°G961 €00 F #¥'0 OL'OF ¥9'0 600 F €L} $O'OF L0} 20'0F 090 60°0F L9'L L2} oL’} 82'0 §'9¢ LE50SZ
1658661 $¥c09S°y €89°9961 - - - - - - bt L9} €e'0 6'6E 985087
S02'6561 98/LEv'y 999°/961 200 F69°0 60'0F GO') 80'0F 19°L ¥O'OF L¥'1 20°0F88°0 LOOF Ive LI} 99°tI E€'0 SvE S€60S2Z
81866561 82EE0E'Y S2'8961 - - - - - - Si'L 691 ce’0  S'ee y€380SZ
cEY'0961 L/8Y.LL'Y €80°696)1 €0°0F 8L0 LLI'OF 080 0L'0F25'L SO0+0E'L 200¥¢9'00L'0F80C L2} cl’t 0e'0 Sce £€60SZ
Sy0'1961 E€1¥9v0'y L18°6961 - - - - - - se't SL°L 60 ¢§S'Ie ¢es0Sz

659'1961 9S6/16°C 9'046F PYOOFPOO0SLOF2OL PLOF LYl LOOFIEL EO0F P60 EL0F82e 1C') gL'l 0e'0 G'0e 1E£60SZ
€/2'2961 B6¥6BL'E ¥8E'LL6L YOOF 660 ELOFPBOCHOFOL L 900F vE'L €00FG8°0 LL'OF L' OL'L 99°L $€'0 G'6e 0€S0SZ
9882961 1¥0199°C 891°'2/6) SOOFEE 'L QL'OF 9L GL'OF 161 800F LE'L YOO FGL'L EL'0F96C 90} €91 Ge'0 6'8¢ 625087
G'€961 €8SCES'E 156'CLEL YOOFHE'0 EL'OFCL'L ScL'OFEV'L LOOF2EL EO0OFEO0'L LI'0OF8EC SO} €9} 98’0 G'le 8250527
200'¥961 92LPOP'E GEL'EL6L YOOF LL'L OL'OFOL'L GL'OFO0S' L L00OF22'L €00F¥8°0 ¥L'0F 222 bi'h 99t €60 G'9¢ LeS0SZ
P0S'¥961 8995/2°€ 81S'P.L6L E00F8E'L L1'OF 060 0L'0F 02’ ¥O'0F26°0200F 90 600F8L'L 2T’} €L°1 620 G'Ge 925087

13 (dd,,) WDeMAIp bBudp  B/wdp  1ublam Aip Iublem Aip wDlem Aip wiob  wiofb
WHY *ad,,, *ad,, b/wudp (s,,;) (ad,,;) B/wdp 6/wdp Budp  (Ap)  (1am) % wd ai
EDL IDY .80, .¥4d,, -ad,, !8,,  Gd,; "ad,, Ausueq Aysusq serem wideqg ejdwes
§0-6690

316



869°0 F LEV' OV €1ec’0* oov'et P98°0F 2L0'6 0800 F #¥9°9 ¢P0'0 ¥ 656 §'G2 925082
¥.G°C F 269 vy 48G°0F Li¥CL $66°0 ¥ 6GL°¢} L0E'0F8EY'L 22’0 F 8ev's S've §2S0SZ
68t°0 ¥ L8E°0E SG1'0 ¥ £85°01 ci8'0 ¥ 69501 $90°0F L12°9 LE0'0F GLEY §'ee ¥250S2Z
1€9°0 ¥ GlL12e 002 0F 61811 6G.°0¥8.0'6 ¥80°0 F 0EL'SG 6¥0'0F cLL'E g'ce £€250SZ
L62°0 ¥ £82°¢E YCL'0F669°LL £6E°0F 168'L crO'0F LECG 8100 F L6'E S'ie 2¢cs0sZ
¥8v°0 F 62v°SE LLL'0F8E6CL Y190 F Lv8'6 090°0 ¥ $99'G 8E0'0 F €0V’ g'0¢c 1250SZ
0er'0F 98l LY G20 ¥ /88°¢El 6EG0F89E"LL LS0'0F GvL'9 8¢0°0 ¥ 6S0'S g'6l 0250SZ
6PE0 F 1L9°0C POL'0F290°E} GGY'0 F G¥6'6 SPO'0 F 816G 9200 F GIS'V g'8l 6150SZ
250 F vS9'vE 8600 F 1692l 8610 F 2LE°01L 800 F 12L'S $20'0 F Ove'v *AN 8150SZ
Gee'0F LL9'EE LLL'OFOLECH 009°0 ¥ €20°0} LY0'0F 62L°G 0200 F LSOV g'oL 115087
220 F 00L°0E €60°0F 26L0t SOP'0F€£L6'9 9€0'0F 2les SI0'0¥999'¢E 9’61 915082
182°0 F ¥61°8¢C 160°0 F L9E°01L 88Y°0 F L00'L 100 F 89V 9100 F 8EP’E gl S160SZ
8G2'0 ¥ 662'9¢ $01°0 ¥ £6€°01 68E°0 F ovt'S 8E0°0F 19SY 910°0F LeL'E R v160SZ
8€2°0 F LoV'¥e 160°0 ¥ 280°0L 9ev'0 ¥ 968°9 0€0'0 ¥ 680t 610°0¥F6.6°¢C g'cl €150SZ
YEE'0 F £00°L2 6LL'0OF 621 LL YSy'0F ey9'L 9v0'0 F £69'v v20'0F LlC'E gLl 216082
¥61°0 F ¥€8°9| €80'0F9..°6 WP OoF viCY 820°0F 8.2 cl0'0F LS0°C g0l 1160SZ
020 ¥ £80°81 180°0F Ci¥'8 0LV 0O F 29V 620°0F020°C €L0°'0F 002'C g'6 01505Z
€82°0 F 602'9¢ €01L'0F 0eS'6 LOY'OF $6E°L 6€0°0 ¥ 9€9'Y 120°'0F €60°C '8 6060SZ
G620 F £50°9¢ ceL'o*geeel LOY'0F 9EL'0L 2¥0°0 ¥ 909'9 LIOOF LLL'Y GL 8060SZ
8YE°0 ¥ 668°6EC SEL'0F961°CL G690 F LZL'OL 8PO'0FELL9 G20'0F9lEP g'9 2050S8Z
820 ¥ 0£5°0E 860°0 ¥ 62211 685°0F9lLv'8 P00 F €0V'S 910°0 ¥ 209'¢ g's 9050SZ
YPE'OF L2lL'8e GLE'0 ¥ 050°01 86G°0 F ¥68°L 0S0'0 ¥ 2,0’ $20'0 F €82°C 4 G050SZ
€GE'0 ¥ 86€°L2 8r1'0F 08.'6 90S'0F S9L°L 1G0'0 ¥ 86L'V $20'0F LS2'E St ¥050SZ
19870 ¥ 686°€C G0L'0*6LL'8 169°0 ¥ 86E'G Sp0'0 ¥ 969°¢E 420’0 F ¥80°E a'c £050SZ
P6L0 F ¥S8°LL £€60°0F /86'G 6¢v'0 F ¥05°2 9200 F £46°} PLO'OF ¥¥b'L gl 2050S8Z
9910 F ¥8ELL S.0'0F ¥20'9 86V'0 F L6V°C G20'0F 046} 600°0 ¥ 09€° g0 1050SZ
1uBlem Aip Wbiom Aip Wbiam Alp Wbiom Aip WbBom Kip
{weabwudp) (weib/swole) (weab/swoye) {weib/swole) {weib/swoje) wo ai

(501 X) Ndgyp0ge, (01 %) dN,, {010 nd,,, (oLx)nd,, ;01 %) nd,, Wideq adwes

$0-5690

317




S661/1/1 0) peoallod Aedeq ,

€L0'0F cvv'0 8€0.0 ¥ 0290 - 800°0F LS00 ¢00'0F 2900 S'8p 650827
€S0°0F L09°0 ¢b0'0 ¥ 65S°0 - 0L00F9LLO 2000 ¥ 690°0 8Ly 8¥50SZ
080°0F 0181 090°0 F 0£6°0 - Y100 ¥ 6¥E°0 Y000 ¥ £02°0 S'9v L¥50S2Z2
¥60°0 F £0L°2 0S0'0+9.0°} - 9100 ¥ 9050 S00°0 ¥ 60E°0 g'sy 9vS0SZ
goL'o0F L2Le €500 *F pEC'L - L10°0F6.L5°0 900°0 ¥ 09€°0 S'vy S¥S0SZ
€0L'0F I8lL'E 950'0 ¥ 8ge’L - L10°0F $29°0 9000 # £6€°0 S'eY Y$S0S2Z2
LSL0F 1499 LS00 ¥ 058"} - 0E0'0F 6011 L00°0F€0L°0 S'ey £95082
SECOFSLLPI LS0°0FgeL'e - w00 F LS6'¢C €L0'0F 0LG"L S’y [A4° {013V 4
0cc’0+¢ce6'Lt L50°0F¥ 6£9°C - 6€0°0F L1G2 €10°0F65¢2°L S0y L$S0SZ
€60°C ¥ PO6°'GI 9S6°0 ¥ 9PE'E - Yo¥°0 ¥ 99¢€°¢ 0EC0FvL9°L g'6e 4 4°[0}°y4
€8G°C F ¥¥0°01 c90’L ¥ LES'E - 81S°0F $¥0°2 €207 /80°'L S'8E 6£508Z2
O¥1°'0F89¢E'8 090 0FeLLY 80E0F 64¥°1 1200 ¥ ¥2s'L 6000 F 2.6°0 G'LE 8€50SZ
99€'0 ¥ L9661 €L0°0F LE8Y 6520 F ¥S2'E €500 ¥ £€85°¢E 9200 F Lgg¢C G'9E 1E£S0SZ
L0E'0F92.°0¢ 0600 F LpC'8 €EV'0 F £66'S SP0'0 F S6L°S 120'0 ¥ 605°E G'Ge 9€60S27
66€°0 ¥ S66°vE 0600 F88.'8 PLEOFSSL'S 2S0°0 F ¥99° 6200 F g2’y S've SES0SZ
Y0£°0 ¥ 86.°8¢C €L0°0F646°L 8LV°0 F 2G6'S Ly0°0F 180'S 81L0°0F €0p'e S'ee YE€S0S2
¥2E'0 ¥ 628°L2 060°0 ¥ 990°6 cOE0F LI1G9 v$0°0 ¥ SE9'Y ¢c0’'0 ¥ 06E°E A €£60SZ
9EE°0 ¥ S0P'9L P51°0F 6828 L1L'0Fgeet ¥S0°0 F L66°2 610°0F 106} g'Le ¢€50SZ
98€°0 ¥ 9¥5°'Gi 61'0F IG1'8 S06°0 F L0O'S c90'0¥F2/8¢C L20'0F 06L°t S'0e 1£60SZ
1640 ¥ yOV'2E 961°'0 FSLE0L SLL'0F 2G99, 601°0F L98'S 6S00¥GLL°E S'6¢C 0£5082
BES0 F pBE'BY SLI0F29LPL 0460 ¥ 280°01 cl00F 628 1v0'0 ¥ 908°S g'8e 625087
¥84°0 ¥ 288°SE LL20F 6E6°VL 166°0F8LeL 011’0 ¥ 9059 8S0°0F9LL'Y S'le 825082
6150 ¥ 050°LE ¢le’0 ¥ 65991 188°0F £68'8 180°0 ¥ L96°9 €E0°'0F 022’y 6'9¢ 1eS0sZ
1ubjom Aip wbiom Kip ubjom Kip 14bjoM Aip WUbjom Kip
(wesbudp) (weib/swoje) (weib/swoye) {wesb/swoje) (weab/swoye) wo a
(0L X) Nd g, (01 x) dN,, {0Lx)nd,,, (oL x)nd,,, (0L X) nd,, Wwidag eidwes

§0-56490

318



1000 ¥ 620°0 clO0F LLYO €L1°0F 218} 6£0°0 ¥ 998°| G000 F 0520 c00'0FvEL0 g'6e 926082
200’0 ¥ G20°0 G200 F LS50 181°0F 19¢°C YO0 F 6991 710°0 ¥ 6220 900°0F LELO g've §2s0sZ
LO0'0F 1200 910°'0 F GE9'0 €810 F S0v'C 1€0°0 F L69°} Y000 F 120 1000F2PL'0 g'ee ¥2S0SZ
100°0 ¥ 020°0 810°0F2£9°0 c02’0F0Lpe 9v0'0 ¥ £€90°C L000F€lE0 200'0F2stLo g'ee £250SZ
L00'0 ¥ $20°0 GLO'0 ¥ 6950 6600 F L66°) 620°0*%26LC €000 ¥ 962°0 LO0'0F SEL'0 g'te 2cs0sZ
1000 ¥ 820°0 LIO'0F2LS0 6EL'0F 2eCe 00’0 F ¥82'C S00°0 F ¥62°0 L00'0F 6210 g'02 125087
100°0 ¥ €200 £€20°0¥ 1090 SOL'0* Leee 9200 F 650°C €000 F ¥L2°0 100°0F eEL'0 S'61 026057
100’0 ¥ ¥20°0 810°0 ¥ 6850 €0L'0F L1Ee $20°0F G8Le €00°'0F 6820 L00'0F2EL0 a8l 615082
L00'0 ¥ £20°0 20’0 ¥ 2650 gLL'0F vy geo’oF6iee €00°0¥ 6620 Ll00'0FGEL'D WA 816082
100°0 ¥ 920°0 910°0F €250 ISL'0F Live 920'0F 0Sl¢ €00°0F $0€'0 LOO'0OF LPL°0 G'9l 1150827
- - 9C1L'0F 668} ¢c0'0F y20°e €00°0 ¥ €620 100°0F S¥1°0 g'ql 9150SZ
LO0'0 F $E0°0 810°0F0LP'0 EPL0¥F LEOC 120'0F L1e2 €00°0F LOE'0 L00'0F9€1L°0 Syl S1508Z
- - (XA NVES 1T A 0€0'0¥6.L2°2 Y000 F LEE°0 L00'0F SPL0 S'El Y1S0SZ
100°0 ¥ L20°0 920'0 F 664°0 EVLI'0OF £86°L 620°0 F 99¥°2 $00°0 ¥ 6£€°0 LOO'0F LELO g'cl €150S2
1000 F G20°0 8100 F 8250 IWwi0F vigee Ve0'0F 2LEC S00'0 F 9¥E°0 100°0F 9¥1°0 S clS0SZ
€00°0F 2200 cr0'0 ¥ GEY'O [ YA VR 9v0°'0 F L0S'E G000 FS.i¥'0 L00'0F9€EL°0 S0l 1160SZ
¢00'0 ¥ 9200 0¥0'0 ¥ 61G°0 FAYAVEAN WA 8E0°0F98/.°2 $00°0 ¥ 28€°0 1000 * LEL'0 9’6 015057
L00'0 ¥ L20°0 9200 F €LY 0 OEL'0F 1L6EC 820'0F 9502 $00°0 ¥ 80€°0 L00O'0F 0S1L°0 '8 6050SZ
1000 F L2070 €20°0F 990 SO0L0F8eSe ¥20'0F 8102 €00°0F 0220 LOO'0 F8S51°0 GL 8050SZ
1000 ¥ 620°0 ¢c0'0 ¥ 89%°0 29L'0F6vEC 120’0 ¥ S66°1 $00°0 ¥ £82°0 1000 F2¥i 0 99 £0S0SZ
200’0 F 9200 0€0'0 ¥ 66%°0 6510 F Geee G20'0¥8.0°C €00°0F21€0 L00'0F0S1L°0 g's 9050587
L00'0 ¥ 920°0 G200 F 080 ¢8L0F Lovy'e 000 F 186°L Y000 ¥ 90€°0 100’0 ¥ GS1°0 R4 S0S0SZ
- - 651t'0F¢€lee 8E0°0 ¥ 8E0°2 G000 F 10E'0 c00'0F8¥L0 S'e 05052
600°0F €00 20'0F 2120 SSLOF LPL') 10’0 F €822 ¥00°0 ¥ £92°0 1000 F G110 S'C £050SZ
- - €62°0F ¥IL'L c90'0* $£0°E 800°0* Gi¥'0 c00'0F LELO St 208057
G000 F LEOO 9v0°0 F 09€°0 CLE'OF 0S8°L GS0°0 ¥ 850°¢E 9000 F E¥¥°0 c00'0F S0 S0 106082
oney onel onel onel onel onel
Auanoy woje woje woje woje woje wo al
83,¢//Ndoyzieez *Ndy2/$0 ¢, .Ano_. x) Ndgeo/Md,yz Ndgyef QZSN Ndge/ nzS« Ndger/Ndoye tidegq ejdwes

§0-S6890

319




S661/1/1 O} pajoe.lod Aedsq ,

- - - 6li’e¥g0eet LL0'0 ¥ L66°0 ¥10°0 ¥ 2800 S'8y 65082
- - - LES'0F 828’y ¥90'0 F 180 SL0'0F691°0 8Ly 845052
- - - 0020 ¥ 9992 LE0°0 ¥ 8SY°0 L00°0F2LLO R )4 L¥S0SZ
- - - 0cLoFvele LI0'0F 6420 S00'0F $91°0 °B°14 9¥S0SZ
LI00F L¥0°0 1600 F €920 - LLL'OF eeLe 9100 F £¥E°0 GO0'0F 1910 Sty S$S0SZ
- - - 90L'0F G102 L10°0F LSE0 SO000F LLL'O S'ty y¥S0SZ
200°0F 100 00 F G92°0 €960 F L2E'L 900 F ELE’L 8000 F£92°0 $00°0 ¥ 0020 R €950S2Z2
- - 6Y2°0F 0v8°L €200 ¥ 926°0 Y000 ¥ 18L°0 €00'0¥661°0 S'ly [44°[0}°74
€00'0F€€00 Ge0'0F 6220 €0E'0F €86°L 820°0F8¥0°L S00°0F 0120 €000 ¥ 0020 S0y L$S0SZ
- - - Sl2'0F ¥66°0 €P0°0F 0020 420°0F 1020 G'6¢e 0¥S0SZ
0L0°0F L20'0 60L'0FELY O - 089°0F L2L'} Lel'0FGeeo 8Y0°0F 881°0 S'8e 6£50SZ
- - 91E'0¥F 92s’} SG0'0F 8ELC L00°0F 62¥°0 c00°'0F LS1L'0 WA 8€£50SZ
€00°0 ¥ 9¥0°0 L10°0F6L2°0 SLL'0OFEEY'L 8200 F 8¥E°L Y000 F L0020 c00'0F €510 S LES0SZ2
- - €CL'0F LOLL 610°0F cev'l €00°0¥G€20 1000 F $91°0 g'qe 9€60S2
200’0 F LS00 6000 F 6420 c60'0FG6S'L 120’0 ¥ 28S°L €00°0 F £02°0 1000 F LEL'O S've GE5082Z
- - ogL'oFecL’l 0200 F 045°L c00'0F ¥EC0 100’0 F 6410 S'ee Y€50SZ
L1000 ¥ 9€0°0 SLO'0F£8E°0 0600 F 26} 120°0 ¥ 966°1L €00°0F /920 1000 ¥ LEL°0 gee £€60S2
- - 88E€°0F gec'e 120°0FG69.L°¢C 6000 F 9EY°0 €00°'0F¥ 8510 g'le 2£s082
c00'0F 200 CE0'0F¢2ls0 90’0 ¥ LSEC 9,00 ¥ 8€8'¢ 600°0 ¥ 65p°0 Y00'0 ¥ 091°0 S'0e 1£S0SZ
LO0'0 F €€0°0 910°0 ¥ L8E°0 S61°0F 896°L LP00F8GLL 100'0FeL20 €000 F 651°0 g'6¢c 0€50S2
100’0 ¥ 9€0°0 SL0'0F89¢€°0 €L'o¥ees’t 920'0F 6.L°L €00°0 F $52'0 100’0 F EPLO g'ge 6250SZ
2000 ¥ 8€0°0 S10'0¥F2ee0 8E€C0F LEL'L 450'0F 962°¢C 800°0 ¥ 85£°0 €00°0F 9510 S'Le 825087
1000 ¥ €E0°0 S10°'0 ¥ 99€°0 80C°0FS0L'C 10’0 ¥ 06E°C 900°0 ¥ G6£°0 c00'0F 6910 S92 12508z
oney onel ojel opel onel onel
Auapoy woje woje woje woje woje wo al
80 ,e/Mdoyzecz *Ndyy2/80,e, ;01 X) ndyeind,, Ndgy /AN, Nelger/AN ¢, Ndgez/Ndoyz Wideg ejdwes

§0-656890

320



L96'166} YYYI6L'L SH2066L 20'0F 0L'0 OL'0F68°0 60°0F98°0 ¥O'0F 22t E0'0F 62°'L 80'0F0L'Z 2L'L 19't €60 S92  L290SZ
1’266+  ¥8YOYLL SO'066L 20°0F 00 €L'0OF 20k 2L'OF 060 YOOF8L'L €00F62'L LL'OFEL'Z 80'L G9'L SE0 G§SZ  9290SZ
£62'2661 $2SLOL'} 995°066L 20°0F LL'O LLI'OFS8'0 0L'0FS8°0 ¥O0OF L2'L €0°0F L2'L 60°0%902 80'L S9'L  ¥E'0 S've  §290SZ
L9€°2661 €959S0°} 22.°066L 20°0F L0'0 €L'0OF Q0L SL'OF 10t 900 F 22'L $OOF 2€'L LL'OF 422 ¥0') €9°L 980 §'62  ¥290SZ
g'2661  £09110°} /88'066+ 20°'0F90°0 OL'OF LO'L OL'OF¥0'L ¥OOF ¥E'L CO0OF LE') 600FSE'2Z 660 651 80 622 £290S7
€£9'2661 £99996°0 8¥0' 1661 - - - . - - L6'0 85l 6£0 G'lz 229087
L9/'2661 £89126°0 802’1661 €OOFEL'0 SLOFHO'L ¥LOF LL'L SOOFpp'L POOFGE) ELOF IPZ 960  85L 680 G02 129057
62661  £2.9/8°0 69¢°L66} - . - - - - 960 851 680 &6} 0290SZ
EE0°E661 €9L1£8°0 6251661 €0°0F ¥L'0 ¥L'OFE9°0 EL'0F LO'0 GOOFOL'L €00F8E'L 2L'0OFG6'L 860  65'L 880 G8L 6190SZ
L91°€661 £0898.°0 69'L66} 20°0F80°0 2L'OFE6'0 2L'0OF86'0 SO0F2E'L OOF L2t OL'OF6L'Z 660 651 80 &L  8190S7
€€66F 2PBLPLO 158166 200F 600 ¥L'0OF 890 PL'OF 290 SO0OF62'L CO0OFOE'L EL'OFE6'L  00°L 09k L8O S'9L  /190SZ
EEY'E66) 2889690 +10'266L 20'0F60°0 LL'OF6L0 LL'OF 080 00 8L €00F LE'L OL'OF2L'2  LO'L 09k LE'0 &SI 919057
L95°€66} 2261590 2212661 €0'0F2L'0 ¥L'0FS6°0 €L'0F 88°0 SO'OFEEL YO'OF Iv'L 2L'OFES2 001 09t /80 S¥lL  §190SZ
L'€661  296909'0 2EE'2661 - - - - - - 201 19t LE0 SEL  $190SZ
£E8'€661 2002950 £6+'266+ 20°0F90°0 2L'0OFBL0 SL'OFSL0 YO'OFOP'L CO0OF 2K} LL'0OF2L'Z 660  09'L 80 G22I £190SZ
196°661 2¥0L15°0 £59'2661 - - - - . - 00k 09k  LE0 Sl 2190SZ
L'¥661  2802.9'0 ¥18'2661 €0'0F LOO L'OFLL0O ELOFGL'0 SOOF6EL €O0F Ly'L 2L'0Fel'd 10F - 19L /&0 SOF  1190SZ
€62¥661 L2LLEY'0 SL6'2664 20°0F 800 SLOF PI'L LL'OF L0k SOOF LE'L €00F 8E'L OL'OF6EC 20°) k9L LE0 S6  0190SZ &
L9E'Y661 19128E°0 SEL'E66L 20'0F 900 ZL'OF 160 LL'OF8L0 ¥OOF LE'L EOOFEF'L OL'OF 212 LO'L 19t /E0 S8  6090SZ
G'v66L  LOZLES'O 962'C664 - - - - - - 20°L b9l LE0 S/  8090SZ
EE9'V66| Y2620 9SY'E661 SO0OFOL'O ZLOFvI'L LL'OF 660 O'0F22'L EO0FOC') 0L'0F622 660  09'k 8E0 S9  2090SZ
L9L'¥661 182L¥20 LIO'E66) - - - - - - 66'0 65l 880 S§'S  9090SZ
6'v661 1262020 LLL'€66) SOOF PL'O ELOF62' L 2L'0OFSS'L #OOFEZL €O0FL2) LIOF¥PEe 980  25L €00 St S090SZ
££0'6661 L9ELS1'0 8E6'E661 - - - - - - 80 IV'L V0 S§€  $090SZ
191°G661 PZLL'0  660'v66+ 200 FS0'0 EL'0OF80'L EL'0OF66'0 GOOFEE'L POOF 2yl 2L'0FSE2 2.0 €L 0S50 §2  €090SZ
L9€'G661 96¥¥0°0 BEEVE6L 20'0F SO0 EL'OFOZL ELOFBL'L YOOFPEL POOFOC'L LL'OFLP'2 290  OFL 250 | 209082
13 (qd,,;) wblemAip bjwdp B/wdp  yblom Aip 1ublom Kip yblom Aip wob wo/b
WHY *ad,, *ad,, bjwdp (1a,,,) (ad,,;) 6/wdp B/wdp Biwdp  (Ap)  (am) o wo al
3ov ED) +80,,  +®ad,, «*°ad,,, 19,,, ad,,; ™°ad,, Ausueg Ausueq salem yideq ejdwes

90-56490




49€°8861 89€S0Y'C 606'G861 €0'0F LE0 €L'OF 190 LL'OF 650 SO0OF62'L CO0F LE'} OL'0OF98'L 221 €L’} 620 G'tS  $S90SZ
§'8861 B0P09E'C L0'986F E00OFHE'0 SL'OF 080 SL'OF¥L'0 SOOF92'L vOOF2E'L EL'0F 102 +2'1 vl 6’0 6G¢s €590SZ
££9'8861 BYPSLE'C 1EC'9861 €O'0OF PE0 ¥L'OF GO0 EL'0OF €90 90°0F2E'L YOOF¥E'L LL'OFE6'L €21 17" 60 G'IS 2590SZ
L9/.°8861 L8Y0.LE'C 16E€'9861 CO'0OFVE'0 SL'OFO0L0 LL'OF OG0 $OOF L2 EO0OFOV'L 0L'0F26'L 22} €11 62'0 S0S 1S90SZ
68861  [2SScc’'c 559861 €0'0OFEE0 ¥1'0F 650 EL'0F 050 SO0OF02'L YOOF 62’ SL0OFGL'L €21 vl 620 &6y 09908z
€€0°6861 £95081°C 21,9861 £0'0F GE'0 LI'OF SO0 LL'OFHS0 GO'0F L2’k €O'0F8E'L 600F88'L €2'1 vLL 620 g8y 649087
LO1°6861 L09SEL'C £.8'9861 20'0F82'0 EL'0¥86'0 2L'0F 00} PO'OFIE'L EOOFEC'L LL'OFO2E 021 cl'l 080 G4y  8¥90SZ
€686L Lp9060°'C £E€0°L86L E0'0FEE'0 ¥L'OF 190 EL'0F 050 SO0F 92’ vO'OFSE'L 2L'0F€8'L 22') 17 0’0 G99y  Lpv90SZ
€EV'6861 LB9SY0'C ¥61°L861 €0'0F 220 2L'0F 19°0 2L'0FL9°0 90'0FSE'} vO'OFOE'L OL'0OF 26t 2’} VLl 62’0 GGy 9¥90SZ
L95°6861 L2/000°C SSE°/86) €0'0FGC'0 ¥E'0F GO0 ¥L'OF8Y'0 SO0OF62'L ¥YOOF9y°L 2L 0F06'L G2’ 1°7AN S 620 GSPy S¥90SZ
L6861  99/GS6°L S15°.86) €0'0F0E'0 SL'OF 80 ¥1'0OF9E0 SOOF v2'L YOOFSEL €L°0F89'L 22’} gL't 0e0 gty  ¥¥90SZ
€€8'6861 908016°} 9.9°/861 €0'0F9€°0 EL'OF69°0 2L'OF €90 SO0OF 8BSt EO0OFPE'L LL'OFE6'L 12} 172N 0e'0 S2v  €¥90SZ
196°6861 9¥8598°L 9€8°£861 €0'0F ¥¥'0 91°0F GL0 GH'OF L90 900F 2E'L YOO FOV'L $L'OF202 61t Y 0 Sy 2vy90SZ2
1’0661 988028l L66°/861 €0'0F6E°0 SL'0OF 6.0 #L'OF /80 SO0OF9E'L £0'0F82'L EL'0F60C 61°1 el’} 0e0 ¢Sov 19082
€E2°0661 9265.L°) LS1'8861 €00F LEO ¥1L'OF €80 ¥1'0FS80 SO0OF6Z'L YOOFO2'L 2L'0F90C +H2') vl 620 G'6c8 0¥90SZ
L9E°0661 9960EL°} 81E'8861 €0'0F€E°0 SL'0F /80 ¥1'0F LL0SO0F8BL'L vOOF L2 €EL'0F66'L 92t 9L'1 82’0 G'86  6£90SZ
S'066L 900989'L 6.p'886L 20°0F 820 LL'0OF 160 OL'0OF 80 ¥O'0F22'| €0'0FGC'L 600F 202 24 vl 620 G'LE  8£90SZ
£€9°0661 SYOL¥9'L 6£9'8861 20'0F L2'0 OL'0OF €80 600F ¥8'0 PO'OF €2’} €00F 22} BOOF LOC 61°L YA l£'0 g9  /£90SZ
£9/°0661 GB8096G°L 88861 200F¥20 LL'OF6L'L LLI'OF 2L SO0F2CH €O0OF LI'L OL'OFEEZ H1L'L 89} c€'0 §'6e 989087
60661 SciigS’lL 96'8861 E0'0F €20 EL'OFH2'L EL'OFEEL SOOFBZ'L YO'OF02'L LL'OFvre 2L} L9'} €80 GvE  SE90SZ
£E0°1661 S9190S°L 1216861 200 ¥ 60°0 60°0F96°0 60'0F 860 €O0F v’ €00FEC'L 800FELT 2L} L9} €€'0 G€€  v€90SZ
9171661 G0Ciob'L 182°6861 20'0F0L'0 EL'OF 160 €L'0F26°0 90'0F ¥2'L vO'OF 2’ LL'OFOL'Z OL') 99°1 ¥E'0 GeE  €£90SZ

€166  SY2oly’L cv'es6l - - - - - - 80°} S9°'1 $€'0 S'IE  2e90SZ
EEP' 1661 SBCLLE'L €09'6864 €0'0F 900 LL'OF¥8°0 OL'0OF€8°0 YO'OFEL' L €00F G2’} 600F20C 604 S59°1 Pe'0  G'0E 1E€90SZ
95’1661 vee9ce’l €9.°6861 - - - - - - oLl 99°} PE'0  S'62  0£90SZ
L1661  P9EL8C’t v26'686L 200 ¥ 800 600 F 660 600F ¥6'0 PO'OF 22t €O'0F L2} 80'0F 9L  LI'L 99'1L vE'0 G682  6290SZ
£€8'L661 vOY9EC’L $80°0661 - - - - - - 60’} 591 Ye'0 G'le  8290SZ

443 Snzuv Em_asfu d\Enu m\E% EEcSEu -mm_cz Aip Em_oz?_u »Eo\m nEo\m
WHY  *ad,, *°ad,, bmudp  (g,,) (ad,,) Owdp  Buwdp  Buwdp  (Kp)  (em) % wo a
3oV ED) +80,¢, ~ad,,, +*ad,,; 19,,; ad,,, moqd,,, Ausueq Aysuag serem yideq ejdwes
90-5680

322



S661/1/L 0} pa1oaLI0d Aeda( ,

9176861 L1vy8Y'€ 950°286L CO'0OF0L'0 LL'OF26'0 0L'0F88°0 YOOFOv'L €0'0F v¥'L 600F 922 +O'I c9'L 9€0 6S'LL 6.90SZ
£'G861 LSY6EY'C 9122861 - - - - - - €0’} c9'lL 90 §G'9L 829082
EEYP'GBEL I6YY6E'E L/€°C86L LO'OF OO0 LL'OF80'L LI'OF80'L SOOFSH' L COOFSH'L 600F9V'2 901 9L gg'0 g'6L L/90SZ
L99°G861 LES6YE'E LEG'286L €00F 600 LL'OF$6'0 0L'0OFE80 SO'0F 0t $O'OF 05t 60'0F L22 60°L Go'L €0 9L 69082
L'G86| LLSPOE'E 869°2861 - - - - - - LEL L9°1 €0 gl 29082
£€8'G861 1196G2'C 6582861 C00F 900 2L'0F GOl LL'OFO0'L SOOF L€'} YOOFOL'L OL'OF 622 8L WL €0 Gel €.908Z
L96°9861 |LSOr1C'E 610'EB6L 20°0F 600 PL'OFG6'0 €L'0F 6.0 SO'0OF 98’} €O0F2S'L 2L'0F6g2 02t cl't 0g0 ¢'IL ¢/l90SZ
1’9861 69691°'C 81'€86L 20°0F 800 OL'OF95°0 60°0F IS0 YO'OF 22} €00OF2E'L 800F08'L 0F'}L 8.1 120 9S0L 129057
€€C'9861 €.¥21°C vE'EB6L CO0F LL'0O OL'OF 9GS0 60°0F 090 YO'OF G2’ EO0F 12} 80'0F LL'L SE'L 187t 92’0 4§69 0490SZ
L9€°9861 //610°€ 10S'€86L COOF LL'O CL'OF2S0 LL'OF650 SO0F62'L vO0F22°L OL'0OF LLL 92t 9L’ 820 4689 6990SZ
G986} I8YE0'E  199°E861 20°0F8L'0 2L'0F28°0 2L'0OFG8'0 900 F82'L ¥O'OFS2'L OL'OF$02 0F'L 8Lt 120 G°/L9 899082
£€9°0861 G8686'C <2c8'€861 €0°0F LP'O €EL'0F6L0 SL'0F 080 900FvE'L POOFEE'L LL'OFL0E 12} cl'} 00 G99 199082
£9.'9861 68YY6'c €£86'€861 SO0F 680 02'0F 8Y'0 6L°0F 050 BO'OFGE') SOOFOE'L LL'OFER'L 81°L WL €0 999 9990872
60861 £6668'C E¥L'¥86L SO0F ¥8°0 02'0F L8'0 8L'0F 16°0 60°0F ¥E°'L GO'OF LE'L 9L'0FOlL'2 12} €L’} 0e'0 G99 §990SZ
£€0°/861 696¥S8°2 YOE'Y86L €0'0F L90 CL'OFSLO LL'OF 490 SO0OF I12'L vO'OF 28 OLOF¥6°'L 6Lt ML 10 G'e9 $990SZ
/91°/861 600018¢c v9¥'v86L SO0+ 290 6L'0F 08'0 8L'0OF €80 80'0F8E'} 90°0F ¥E'L SL'0F2L'2 02’} cl't 00 929 £990SZ
£€/861 6V099.°C S29P86L €0'0F 650 CL'OF 190 LLI'OF89'0 SO0OF8E'L $OOF2L'L OL'OFS6'L  8L'L L €0 G'19 €990S2Z
€€V /861 68002, G8.°¥86L €O0OF$S0 SL'OF L0 #L'0F28°0 Q00FEY'L ¥OOFESL 2L'0OFOL'E 12t €L’} 0g'0 609 1990SZ
195°/86) 6215/9°C 9¥6'¥86L CO0OFOV'0 €L'OF 080 €L'0F 920 900F 2L #OOF 0L’} LL'OF 102 12} cl't 0e'0 G'6S 0990SZ
L'/86L  6910E9'C LOL'GB6) €O0OF LE'Q SL'OF 080 ¥1L'0F L9'0 SOOF02'L YOOF2E'L EL'OF 6L  12'L cl't 00 ¢&'8S 6990SZ
£€8°/861 60258G°¢ L92°G861 £0'0F9€'0 2L'0F 880 L1'0F98°0 SO0F82'L YOOF LEL OL'OF LL'2Z 12t cl't 0€'0 ¢9'/S 8590SZ
£296°/861 8Y20vS'Cc 82P'G86L €0'0F 620 EL'OFE90 S¢L'OF¥9'0 90°0F Op'L YO'OF6E°L OL'OF66°'L V2L YL 620 G99 189087
1’8861 88256%'C 885°S86L - - - - - - [AAN €L'1 0e'0 ¢§'¢S 969082
€62'8861 82E0SY'C 6¥.'G86)L €0'0F 920 GL'OF LE'O SL'OFGE'0 SO'OF6E'L YOOFOV'L €L'OFEL'L  G2') S’} 620 §'vS §590S2
FTE] (aq,,,) Wbiem Aip  Bjwdp B/wdp  1ybjam Aip 1ublom Aip 1ublom Aip nEo\w Jwo/b
WHH *°ad,, *ad,, bywdp (g,,;) (ad, ;) B/wdp B/wdp Biwdp  (Aip)  (1om) % wo ai
3oy aov 80,  #°Ad,, +*Ad,, 19,,, ad,, "™9ad,,, Ausueg Ausueg iseiem yideg ejdwes

90-5690

323




$90°0 ¥ 986°2 4200 F 290’} 618°0F L91°8L £10°0 ¥ 966°0 £00°0F 0920 G692 129082
8,00 F S¥6°2 Le00Fvi2'} 080+ 21202 910'0F 6¥9°0 €00°0 ¥ LOE'0 g'6e 929082
500 ¥ ¥S¥°C S20°0 F0E0°} LLLOF $LE°1 0L0'0F I8¥°0 c00'0¥ 2L2'0 S've §290S2
6500 ¥ 89€°2 820°0F €460 cLL0Fe9l’t 0100 ¥ 0EY'0 €000 ¥ GL2°0 g'ee ¥290SZ
2s0’0¥8s0c 20’0 ¥ 2480 0S1L'0¥6.c’} 600°0 ¥ 06£°0 c00’'0 ¥ €620 g'ee €29082
6v0°0F L10°C ge0'0¥Fcigo 1020 F gee’t 600°0 ¥ L8E°0 ¢00'0F L22'0 S'ic 2290S8Z
4S0°'0 ¥ 660°C 020°0F L.8°0 9SL'0F vEE’L OLO'0 F L0¥'0 c00'0F €20 S'0e 1290SZ
1S0°0¥891'¢ S20°'0F 0260 0610 F08E'L 6000 ¥ 82¥°0 c00°'0 F 0¥2'0 G'61 029082
€G50'0F9¢eL2 810°0F £26°0 EPL'0F EE0°L 0100 F ¥2¥'0 200’0 ¥ 6€2°0 S8t 6190SZ
0900 F ¥9l'2 G20'0F 8160 €L20F I0'L LLO'OF LEVO €000 ¥ 8€2°0 Sl 819082
1900 ¥ ¥81°C 620°0 ¥ £56°0 9020 F Lv8°0 LLO0OF L0 £00°0 ¥ 8E2°0 g9l 119087
6500+ 8ELC L€0°0 ¥ 0£6°0 €61°0¥ 6890 0L0'0F v2¥0 €000 F 6e2'0 S'GlL 9190SZ
LSO0F L2te 0E0'0 F £66°0 S91'0F 9850 0L0'0F SEPO €000 F 0£2°0 Syl S190SZ
€500 F LSIC 6200 F /960 081°0%62L0 600°0 ¥ 0EY0 €000 ¥ LEC'O S'El 19082
1S0°0¥Sl0°¢ €E0'0¥ 1260 LIZ0F €180 600°0F ¥1v°0 €00°0F LI2'O S2l £190SZ
6¥0°0 ¥ 801°2 920°0 F ¥26°0 9.1L°0F LESO 8000 F 61°0 £00°0 ¥ 2€2°0 St c190sZ
190°0F 6922 L20'0¥ €66°0 8020 ¥ 2980 clo’0F 92’0 €000 ¥ 8620 S0t L190SZ
2s0'0F 102c L€0°0 ¥ 296°0 691°'0FS00°} 600°0 ¥ 92v°0 €000 F 9¥2°0 S'6 0190SZ
8G0°0F L9¢'C 0800 ¥ $56°0 cSL'0F ¥es0 0L0'0F t¥¥0 £00°'0 ¥ 2520 g's 6090SZ
850°0F eve'e 620'0F 1860 291'0F 2850 0LO'0OF v¥¥'0 €000 F L¥2'0 A 809082
¥90°0 ¥ 9662 6200 F201L°L ¢SL'0F L16°0 LLO'0O ¥ 26Y°0 €£00°0 ¥ /820 G'9 109082
8,00 F LE9'C LEOOF VEL'L - 100 ¥ 6250 €00°0 ¥ 0620 S'G 9090SZ
L90°0F€8L°¢C 9€0°'0 F €€2'L 12’0 ¥ €060 OO F 1650 ¥00°0 ¥ LOE'0 S’y §090SZ
€900 F pE9'C cE0’0 ¥ 090°} FAYAVER 4 (VN 00 FG2S°0 £00°0 ¥ 6820 S'e $080SZ2
2L0’0¥F 1ese LE0'0F L60°} €61L°0F L16°0 20’0 F 8640 Y000 ¥ 8,20 ge €£090SZ
890°0F¢clse €E0°0 ¥ GS0°} c0c’'0*616°0 clO'0F L6Y0 €00°0F LL2°0 L 2090sZ
Em_oB Adp Em_mB Aip Em_m:s Aip Em.&s Aip Em_mB Aip
(wesb;wdp) (weab/swoye) {wesb/swoje) (wesb/swoje) (weib/suioye) wo al
(c.0L X) Ny rges (,oLx)dN,, ;0LX)nd,,, (,01x) nd,,, ;01 x) nd,, yideg sjdwes

90-6680

324



HO'0F€0L°L 1200 ¥ ¥68°0 LIVOF 6990 L00'0F 9€€0 2000 F88L°0. g'es 99082
P00 F €89°L 220’0 ¥ ¢68'0 160°0F 1220 800°0 ¥ 0EE°0 2000 F L8L°0 G'cs £690SZ
€L0°0F GLLY y¥0'0* 2L6°0 YeLOF LEV'L LLO'0F ¥EE°0 S00'0 ¥ 2020 §'1S 259087
oP0'0F S¥9'L _£20°0F 9160 Y0L'0F LL9°0 £00°0 ¥ 8¢E°0 200'0F 1810 08 169087
6E0°0F veL'} 0200 ¥ 586°0 0gL'0F0ct’}t L00'0 # 88€°0 200'0F 1610 S'6v 0590SZ
oP0'0F 82L') 020'0*2L6'0 8LLI'0OF 180 L00°0F 1pE°0 LO0'0OF I61°0 g'sy 6¥90SZ
cs00Feel’t Y00 ¥ /86°0 $60°0 F $€6°0 8000 F LEE0 £00'0F G610 S'Ly 8¥90SZ
0S0°'0F 1841 1€0°0 ¥ 686°0 611'0F LE6°0 600°0 F L¥E0 €00°'0F 8610 S'op L%90SZ
P00 F 9L9°L 220’0+ 0880 OLI'OF L6V°0 800°0 ¥ €28°0 200’0 ¥ 8810 g'GY 9¥90SZ
Sv0'0 ¥ 699°1 810°0 F 2¥6'0 860'0 ¥ 628°0 L00'0F8LE0 20008810 S'vy 99052
6¥0°0 ¥ G89°| 0E0'0 F GL6°0 L11'0¥866'0 80070 F 92€°0 200'0* 8810 g'ed ¥990SZ
£60'0 ¥ 220'C 820°0F 0€0°+ ELEOF090°} 6000 ¥ 08€°0 £00°0 F 1€2°0 Sy £490SZ
0’0 F 1812 2cO0F LEL'L 91LL'0F 6611 800°0 F 9E¥°0 200’0 ¥ 6€2°0 S’y cv90SZ
6€0°0F 961°C BLOOF L2t'| 6010 F LG8°0 2000 F 1€¥°0 200°0 F ¥¥2°0 S0P L$90SZ
GO0'0F 1L6°C 1200 ¥ 280°1 PLL'OF G22't 6000 0L¥°0 £00°0 ¥ 1LLE°0 S'6g 0¥90SZ
S¥0°'0¥ 2L0°¢C 810°0*F 00’} 02’0 F6€0°L 800°0 ¥ LO¥0 200'0 ¥ 2e2’0 Gg'ge 6€£90SZ
GS0'0FGLLC £20°0F 1S0°} Sr1L'0F 6560 0L0'0F 1E¥°0 €000 F 0¥2'0 G'.le 8€90S2Z
0L0°0F ¥00°E 6200 F 00’1 8510 F LOEL 0LO'0 ¥ 6250 G000 F LSE0 g'9¢e L£90SZ
$S0°0F L1G6°C €20°0F 100°} 094’0 ¥ 869°0 010°'0 F 6690 2000+ .20 g'Ge 9€90SZ
£90°0 F 1662 $20°'0 ¥ 60}°¢ L0S'0F $06°6 CLO'0F LESO £00'0F 2220 S've G£908Z
¥80°0 FGl19'¢ 9€0°0 ¥ GO0’} 188°0 F G68°L €100 F ¥ES0 9000 ¥ 2820 G'ee ¥€90SZ
9v0°'0 ¥ 08€°C 0200 ¥ 956°0 6LL'0FG8Y'L 800°0F ¥.¥°0 €00'0*292°0 g'ce ££90SZ
2L00F8lgC L20°'0 F 6160 glego*eele gL0’'0F¥ 66¥°0 €00'0¥ 820 g'le 2£908Z
6¥0°0 F €9Y°C ¥20°0 F {96°0 L9L0F ¥19’L 6000 F 28¥°0 200 0F .20 S'0¢€ 1€90SZ
00L'0Fevl'E €400 F GE9'} 96.°'G ¥ S80'981 6L0°0F L98°0 G00°0 ¥ 99€°0 S'6C 0€£90SZ
LL0°0F $S8'C 6200 ¥ 860°} 6680 F €90°L¢ 9100 F 290 €00°0 ¥ /820 g'ge 6290SZ
00L'0F65L°C 0£0°0 ¥ S00°| LSL') ¥ GE0°61 6100 ¥ 009°0 G000 ¥ G82°0 §'L2 829057
wWbiom Aip Wbiom Aip Jubom AIp ub1om A1p UBiam AJp
(wesbywudp) (wesb/swoie) (weab/swole) (weib/swoje) (weibsuwiole) wo qal
(.01 %) Ndyp4, (01 %) dN,, (01X nd,,, (019 nd,,, (;01 X) nde, wideq  aidwes

90-5680

325




S661/1/L 0) P00 Aedeq ,

- - - - - 9L 8/90SZ
- - - - - §'6. 1490SZ
- - - - - S'vL §/90SZ
- - - . - S'eL 29052
- - - - - gcL £490SZ
- - - - - 'L 2.90SZ
- - - - - §0L 1£90SZ
- - - - - 569 0.90SZ
2L0'0¥F 0962 620’0 F g2’} LLLEOF9PS0 €LO'0F 1450 €000 F 2EC0 6’89 6990SZ
€L0°0F816C 9200 F Gyt POL'0F LLGO €10°0 F L850 £00°0 F 0£E°0 5.9 8990SZ
$90°0 F 0¥6°C L20°0F 8g2’L PGS0 F LSED L10'0F $95°0 €£00°0 ¥ LEE'0 G'99 199082
9/2'0F 192 OvL'0FELL’L - 6€0°0 ¥ 8€5°0 120°0 ¥ 2620 §'s9 999052
LSOO F0EE2 6L0°0F 64¥0°t LLLVOFOESO 0L0'0F 2P0 200’0 ¥ 0920 S'v9 99082
0S0°0 ¥ €E0'C 8L0°0 ¥ 6680 LEL0F 14970 600°0 ¥ 80¥°0 2000 Fcgeco S'€9 $990SZ
£Y0'0F €68°L $20°0 F ¥¥6°0 02L'0FSLLO 800°0 F 2££°0 2000F0t20 629 £990S2
SP0'0F 68L°} 120°0 ¥ 6680 L€1°0 ¥ G090 8000 F LSE0 200'0F 9610 S'19 299057
900 ¥ £89°} ¥20°0F 188°0 €51°0F €990 800°0 F L2£°0 c00'0F681°0 509 1990SZ
€r0°0 ¥ 989°} G§20'0 ¥ 6980 LLL'OFEBLO L00°0F 12€'0 2000 F 0610 565 0990S2
9€0°'0 F £89°} 6100 F ¥06°0 0EL'0FGLEC 900°0 ¥ O¥€°0 c000F $81°0 G'8S 659052
GE0'0F SP9'L 610°0 F LS80 SLL0F02P0 900°0 F ¥2€0 2000 ¥ 2810 ] 859082
€50°0F 0112 120°'0¥ 8260 PLLOF LY20 800°0 ¥ 8¥€°0 €000 ¥ 8520 §'9S 1589082
900 ¥ 6€£9°1 1200 ¥ 8E8°0 SOL'0F 9610 600°0F 52€°0 2000 F 0810 §°eS 9590SZ
LPO'0F2E9°} 020°'0 ¥ 8£8°0 060'0F ¥61°0 600°0F LIE0 200'0F 2810 S'vS 659057
Em_cz Aip Em_o; Aip Em_rgs Aip Em_o; Aip Em.a? Ap
(wesbpudp) (weib/swiole) (wsib/swole) (wesbBrswoye) (weibswo)e) wo at
(01 X) Ndyypge, (01 %) dN,g, ;01 x) nd,,, (,01 ) nd,,, (;01 %) nd,, wideg eidwes

90-5680

326



$00°0 ¥ $20°0 L90°0F LEV'O CLE'EF9L0°0L 990'0F 2I6'} L110°0 F 60¥°0 S00'0F ¥12°0 592 1290827
$10°0 F £40°0 6,00 F2¥2°0 2LL2F8L1°69 £90°0 F ¥96°} 0L0'0F ¥2¥°0 900'0F 9120 §'6e 929052
000 ¥ 2200 880°0 F L2S0 LSOO F LEL'S 8900 FEPi'e 0L0'0F8.E°0 Y00'0 F9LL°0 S've 62908z
LLO'0OF GEO0'0 OLL'0OF€9€°0 8790 ¥ 80€'Y ¥80°0 F ¥9¢'¢ 100 F £5E°0 ¥00'0F 9510 S'ee 29082
LLO'0 F LEO'O /60°0F82E0 LS9°0 F LGG°G L1800 F pEC'C LLO'OF ¥LE°0 000 F 2940 g'ee £290SZ
- - 9/8°0 ¥ 6€8°S 6,00 F L60C cL0’0¥8s€0 Y00'0F LLLO g'1e ¢2c90sZ
€00°0¥F L10°0 6VL'0F2LL0 9990 F €0L'S y.0'0F2SL2 0LO'0F ¥L£°0 S00'0F ¥21'0 §'0¢ 129052
- - ¥6.°0 ¥ 208'S $L0°0F 0S1'C LO'0F ¥8E°0 Y00'0F 641°0 g6l 029082
€00'0F G100 LE1L'0F9GL°0 8090 F ¥EP'Vy 990'0 F L81°¢C 600°0 ¥ ¥6£°0 ¥00'0F 0810 a8l 6190SZ
800°0 ¥ 620°0 S01°0 F66€°0 £68°0 F LOE'Y 080°0F L02'C 2L0°0 ¥ 66€°0 S00°0F 1810 Gl 819087
9000 F ¥20°0 GeL'o¥esvo 9880 ¥ 929'¢ G80°0F29lL'e €L0'0F LOY'0 S00°0F G680 g9l L190SZ
9000  ¥20°0 PLLOF $8Y°0 LI8'0FELI6C 1600 F L6L'C ¥L0°0 F S6£°0 S00°0F 0810 §'Gl 9190SZ
$00°0F 8100 8E1L'0 ¥ €290 10L'0F 6EEC 880°0F ¥82'C YL0'0F2EP0 G00'0F 6810 S'vi 6190SZ
- - ¥8L°0F €81°C c80'0 ¥ 9te'e €1L0°0F 80¥°0 ¥00'0F 2840 g'cl 19082
0L0'0F 2200 OLL'0F0SE0 G96°'0¥82L'e ¥60°0 F 222 910’0 F G2v'0 G00'0F 1610 g'cl £190SZ
- : - 19L'0F €82 9.0'0F 8022 20’0 F 86€°0 $00°0F 081°0 St ¢1908Z
LLO'0 ¥ 2E0°0 6EL'0 F $8E'0 9L 0FOLL'E L60°0 ¥ 0EEC 110’0 ¥ G8E°0 S00°'0F G910 S0l 1190SZ
9000 ¥ 820°0 860'0 F G2¥'0 189°0 F ¥S0'¥ G800 F gSc'e €10°'0F06E°0 P00°0F €L1°0 G'6 019082
€10'0F 9800 YLL'0F S2E0 609'0F€2L¢ ¥80°0 ¥ 1942 €L0'0FB6.LE°0 Y000 F SLLO g8 6090SZ
- - €.9°0F GBE'C €80°0F [Ic¢C €L0°0F L6E'0 S00'0F 6410 A 8090SZ
9000 F L20°0 COL0OFEPP0 ¢cS'0F L60'E 6,00 F 0be'e LLO'0 ¥ ¥8€°0 Y00°0F LLL'O G'9 209087
- - - c60'0F L9lLC ¥10°0F 16€°0 SO00'0F 1810 g'g 909082
€00°0F 0200 680°0 ¥ 285°0 c99'0¥94G.L'e 6L0°0F 6€£2°C €10°0F20¥°0 Y00'0F 6L1°0 gy G090SZ
- - 98.'0 ¥ GGG'E ¥,L0°'0F610°¢C cl0'0F LOE'0 Y00°0 ¥ 2840 S'e $090SZ
€200 F 6900 SLL'0F LE20 12L'0F90v'E $80°0 F L02'¢ €100 F ¥6£°0 S00'0F6L1°0 g'c £090S2
20’0 ¥ 0S0°0 .01'0F 6220 8./.'0 ¥ 985'¢ G80°0F€CL'e €10°0F 18€°0 S00'0F 0810 3 ¢0908Z
ojley ojjel ones onel onel onel
ApAnoy woje woje woye woje woje wo al
$2,e1/Mdorzieez «Nd /Sy, +(01 X) Ndge,/nd, Ny /AN g, Ndger/dN,¢; Ndgez/MNdoye yideq  sjdwes

90-8680

327




_

000°0 ¥ 5000 G8L'0F 0EL'C LE9°0F00L'E /80°0F 1992 2L0'0F GLY0 y00'0¥8L1°0 S'es $5905Z
0000 ¥ S00°0 G020 ¥ SvEC 96y°'0F €02’ L1600 F £0L°C €L0°0F 8LY°0 S00'0F LLL'O Gg'cs €590SZ
000°0 ¥ S00°0 clg’oFgiee €P90F LIL'S SaL'0¥¢2i6’e S20'0F 1840 900°0F 6910 S'1S ¢G90SZ
000°0 ¥ S00°0 8.1L°0F 00¥'C L95°0F $SL°E G60'0F 9.6°¢C Y1L0'0F 0¥S°0 ¥00'0F 2810 G'0S 169082
1000 ¥ 6000 602c'0F012¢ G09'0 ¥ 0L9°¢ €80°0F L16C ¢l0’0* 6190 ¥00'0F LL1LO g'6y 0590SZ
000°0 ¥ S00°0 9810 F pEL'C 619°0F 882V £€80°0¥9/.9°C LLO'0F 8L¥°0 P00'0F 6.1°0 S8y 69057
100’0 ¥ 9000 L9L'0 ¥ 6E6°L c6t'0F 9.8 921'0¥986¢ 610°0F G050 $00'0 ¥ 6910 2 WA4 8¥90S2Z2
000°0 ¥ G000 16L'0F88LC 8090 F LELY YLL'0F058°C LI0'0F 6610 $00'0 F SLL°O S'op Ly90SZ
1000 ¥800°0 c6L'0FE8S°L 8690 F 1L9°¢C ¥60°0¥ 82L¢C cl0’0*89%v'0 Y000 F L0 g'sy 9v90S2
L1000 ¥ £L00°0 861'0F £28°L 0EeS'0 F 85v'v 680°0F LS6'C L4100 ¥ 005°0 ¥00°0 ¥ 691°0 S'vy S$90SZ
£00°0 ¥ 900°0 1020F €Lt G290 FSle's 12L0¥686C L10°'0F 8150 S000FE€LL°0 Sty #9057
0000 ¥ 900°0 191’'0*¢26l1e 26y’'0 F 809'v L600F viLC ELO0F Y0 $00°0 ¥ G91°0 ger £90S2
000°0 ¥ S00°0 c8L'0FEOEC 09v'0F LL8'Y 6900 ¥ $65°C 0L0'0F ELP°0 00’0 ¥ 2810 S'Ly cp90sZ
000°0 ¥ 900°0 LSO F ¥80°¢C 8y 0¥ 615°C 8S0°0F L09°C 8000 ¥ 09%°0 €000 F 24170 S'ov 1$90SZ
100’0 F 0100 LELVOF LISTL 80£°0F982'C G90°0 F €0€E°2 9000 F 1620 €00°0F L21°0 S'6¢ 0v90S2Z
1000 ¥ 900°0 cS1L'0F 698t 06Y°0 ¥ 00€°Y 8900 F €£4G°¢ 600°0 F t¥¥°0 00’0 F ELL'0 g'8e 6£90SZ
100’0 ¥ 800°0 60L°0F LOS'} 265 0F2L0Y LI10°0F 6EYC LLO'0 F 6EP'O S00'0F 0810 WA 8£90SZ
LOO'0F 1100 960°0F 96171 chP'0F Gv9o'E 1900 ¥ €86°L 6000 F 1620 €000 F LYL°O S'9E 1£90SZ
L1000 F LLOO 901°0%260°t 0LS0F vive 080°0 ¥ S00°2 6000 F 190 $00°0 F 081°0 g'ee 9€£905Z
LOO'0F L1O00 PLI'OF ¥66°0 1.8 ¥ §16°9¢€ $90°0 ¥ 980°¢ 010’0 F 80¥°0 S00°0F 9610 S've S£90SZ
S00°0 ¥ 820°0 9900 ¥ 96£°0 L€6°C ¥ 82L'92 €800 F 288’} S10°0 ¥ 96€°0 Y000 ¥ 681L°0 S'ee +£90SZ
G000 F €200 cLLI'0F 6690 9.¥°0 ¥ 668°G ¥SO0'0F 610°C 600°0 ¥ 99€°0 €00°0F I8L°0 Gg'ce £€90SZ

- - 028'0F 6282 PL0°0F €06} 0LO'0F2VE0 G00'0F081°0 g'Le 2€90SZ
¢lO0F L¥0°0 080°0 ¥ £82°0 819°'0 ¥ €809 c90'0F 966’ 6000 ¥ LGE'0 €00°0F 910 S'0g L€90S2

- - €08°El ¥ 962°L0S 990°0 ¥ 688°} Y100 F LPY'O 9000 F LE20 g'62 0£90S2
100°0 ¥ 9£0°0 G500 ¥ 082°0 986°C ¥ 6G8°2L c900F0LL'L LLO'OF£8E°0 9000 F ¥22'0 g'8e 629057

- - L96°G F $L0°S9 PLOOF LLO} cLl0'0F £5€°0 L000F 1120 g2 8290SZ

oley ofes oned ojjes onel ones
Ajanoy woje woje woe woje woje wo at

80 ,e/MNdopziece »Ndgy2/$0y¢y (01 X) Ndy,/Nd,, Ndlgyz/AN,e; Nelgcr/AN e Ndyez/Mdoyz wideg  eidwes

90-5640

328



G661/L/1 0) peroaLod Aeosq ,

- - - - - - SLL 6.90SZ
- - - - - - S'9L 8.90SZ
- - - - - - q'6L 119087
- - - - - - SvL G290SZ
- - - - - - g'eL ¥490SZ
- - - - - - gL £.90SZ
- - - - - - SHL 2.90S8Z
- - - - - - S'0L 1290SZ
- - - - - - S'69 0.908Z
8000 ¥ £200 880°0 F SE¥°0 8250 F LS9} G/0°0F06%C 0L0'0F 82¥'0 P00'0F2CLL0 G'89 6990SZ
c00'0% 9100 LOL'0OF 6EL0 L0S'0F €LL°L 900 F0957¢C 600°0F2EP0 ¥00°0 ¥ 691°0 g'l9 8990SZ
0000 ¥ 9000 8CL'0F¥€68°L 86v°0F LL2'} G90'0 ¥ G61°¢C 6000 F $#2£°0 Y00'0F LLLO G99 299087
000°0* €000 cse0FELLE 6v0°2 ¥ ¥08'9 20e'0 ¥ 8902 GGS0'0F 18E0 Y100 F #8L°0 G'69 9990SZ
000°0 ¥ €000 €820 F €92t 8v¥'0 ¥ 900°C 190'0*6l€C 8000 F £0¥°0 Y00'0F vLL'O S'¥9 G990SZ
0000 F €000 €61°0¥69.°€ ¥6G°0 ¥ 699°¢ 99800 F L02'C 600°0 ¥ GO¥'0 ¥00°0 F $81°0 Gg'e9 Y990SZ
0000 ¥ €000 S0E0F LOL'Y 229'0¥F88L°0 ¥80°0 ¥ 6£G'C ¢LO'0F 09¥°0 Y000 F LL1°O G'c9 £990SZ
0000 F €000 cle’0F /8L 8/9'0F€0L'E €80°0F 025°¢C ¢l0'0 ¥ 8S¥°0 S00'0F 2810 S'19 299087
0000 ¥ €00°0 cec 0¥ 98LE L18°0F 8vEC 8600 F £€69'¢ ¥10°0 F L9¥°0 S000F ¥LL'0 S'09 19908Z
0000 ¥ ¥00°0 €CC'0F LGBC 0L9'0F €00’} 8600 ¥ 90.L¢ Y1L0'0F 9690 +00°'0F691°0 G'6S8 099052
1000 ¥ S00°0 202°'0F080°¢c 869°0F LL6°} ¥/0°0F099'2 2L0'0F26¥'0 $00'0 ¥ G810 g'8S 6590SZ
00070 ¥ 5000 L61L'0F9¥GC $29'0 ¥ 092'¢ 6L0°0F £49°C CLO0F LLPO Y00°0F8.L1°0 WA} 8990SZ
1000 ¥ L00°0 clc’ 0¥ |LE6’L 6EY'0 ¥ 9160 980°0 ¥ 899°¢ 6000 ¥ 6G€°0 €00'0FGEL0 Gg'9% 159057
- - 069°0F LEL'} ¥60°0 ¥ 945°¢C €10'0F¥G9¥°0 G00'0*081°0 g'qes 9690SZ
100°0 ¥ 900°0 6120 F 198°| L0S'0F Lo’} S60°0 F L¥9'C CLO'0F09¥'0 S00'0F ¥LL°O S'vS 699057
ojiey ones ojel onel ones onel
Auanoy woje woje woje woje woje wo a
$3,e4/Mdorzecz +Ndyy2/8 ey (0L X) Ndp/Nd, Nelgy /AN, Ndger/dN, e, Ndgez/Mdoye widsg  ejdwes

90-5680

329




00’561 8e'€ €0°'1L6F PO'OF 090 9L'0F99°0 GL'OF 0S50 BOOF6SL SO0OF¥L'L €L'0F¢ge'e 00'1 09} 80 S've 20182

S0'9/6} S2't €0'2¢lL6l - - - - - - 0’} o'l 98’0 §'te $201SZ
60°2461 L' E0'EL6F €0'0F290 €L'0F 880 €L'0OF080 900F 0Lt vOOF8L'L LI'OF¥SE €04 o't 98’0 ¢6ce £201SZ
v'8L61 L6'C E€O'VL6L - - - . - - 86°0 69°} 8’0 ¢§'i¢ ¢c01sz
81'6/61 €82 €0'G/61 SO0FSSO 6L0F02't 81'0F 260 OL'OF L9'L SO'0F /8L 9L'0F 9L 680 €6} er’'o  §0C 12018z
£€2'0861 692 20'9.61 - - - - - - $8°0 0s’t o S61 02018Z
121861 SS'2 20°L.6F PO'OFO0L0 9L'0FL9°0 GL'0F29°0 80'0F0L'L GOOFSL'L €L'OF9EC  ¥6°0 9s°t o¥'0 468l 6101SZ
cg'e86l cv'c  20'8.61 - - - - - - 9t 69°1L ee0 §L1 8101SZ
9€'€861 82C¢ <c0'6/6F POOF6L'0 6L'0F¥L'L 8L'0OF<cL') 80'0FSS'L GO0OFLS'L 91'0FG9¢c L0} 9’1 S€'0 S9l L101SZ
ip'P861L PL'2 200861 - - - - - - 60 85°1 680 GGl 91018Z

Gv'6861 002 <2O'i86F +YO'0FS2'0 8L'0OF 160 8L'0F88°0 800F LL'L SO0OF¥L'L 91'0F65C 160 SG°1 o Svi St01SZ
05'9861 98°'L 20286L $OOF SOt 9L'OFOP'L QL'OFLE'L L00F89'L SO0OFO0L'L #1'0F1L0E 980 1§71 er'0 G€l 1018z
L1'286)1 €41 20'€E861L 90°0F89E€E LLOF¥8'L OL'0OF0L L LOOFBS'L SO0F ILL'} #L'OFGEE G980 1S°1 yr’0o Sl €101sZ
£8°'2861 6S°F LO'¥86L YO'OFG6'0 ¥I'0OF86'0 ¥1°0F88°0 90°0FEV'L YOOFES'L 2L'0F LEC 60°L S9°1L ¥e0  G'LL clolsz
05’8861 S¥'L  10'S86L SO'0OF2O0'L 9L'0F60°L SL'OFE6°0 80'0F LG'L SO0OF€EL'L $L'0OF€E9C 660 09°L 88’0 G0l LoisZ
L1'6861 LE'L 109861 - - - - - - 14 4 98’0 96 oioisz
€8°6861 L1’} 102861 $O'0OF68°0 9L0OFp¥'L SL'OFOP') LOOFCES'L SOOFO0S'L vI'0F06Cc 0} o'l 9’0 6’8 600187
0S'0661L vO'L 108861 €0'0F 120 SL'OFE9'L ¥1'0OFGO'L GOOF 10t ¥OO*66'0 2L O*F¥v'e 880 €571 o §L 800+SZ
L1661 060 10'6861 SO'0OFSS'0 0C0FSL'L 6L'0F6L'L 600F 691 900FG9'L LL10OFLEE 980 st Ey’0 99 £001SZ

£8°1661 940 10’0664 - - - - - - $8°0 1571 o S'S 90018Z
0S'c661 290 LO'L66L PO'OFIE0 0C0Fv2Ce 0c0FSec'e 80'0F LS'L SO'0F 95’ 8l'0FeLE €80 0S'} o Gb S001SZ
L1’E66)1 80 002661 - - - - - - LL0 or'l VA VRN $001SZ
€8'6661 SE0 00€66L SOOF6L0 ¥20FeSL't €20F 16°L OLOF L' LOOFES'L L20FOE'E  LLO el 0s0 ¢G¢ €001SZ
0S'v661 120 00'v661 - - - - - - 650 oe’'} 95’0 §'t coolsz

L1'S661 L0°0 00'S661 $0°OF PO 02°0F80'C 61°'0F00C 80'0F Pt GOOFGS'L 8L°0F8v'E LSO el 850 S0 100182

443 (ad,,;) Em_o;?_v Jm\Enu m\Euu Em@s?ﬁ Em_oz:r_u Em_cstv ”Eo\m an\m
WHY *°ad,, *°qd,,, Budp (- (ad,,;) 6/wdp 6/wdp Budp  (Aap)  (18m) % wo al
aov aov 80,0, ~ad,,, +*°ad,,, 19,,, ad,, '™%ad,, Ausueg Aysueq ilelem yideg  ajdwes
01-6680

330



¥8'2S61 L6'0 90°SPEL E€O0FSL'0 9L'0OF68°0 9L'0F2L0 90°0F ¥¥'L YOOF09'L ¥L'OF62C 90'4 ¥9't G0 S0S 1501SZ
GG'ES6L $8'9  90'9¥61L - - - - - - £0'L 29t 980 S6P 0501SZ
9Z'PS6L 029  90°/P6L E€O0F8L'0 SL'OF8S'0 vLOF L¥'0 LO'OFOS'L SO0OF2L'L ELOF LE'e 660 09t 8E0 G'8Y 6¥01SZ
L6'vS6L 95°9 9086l - - - - - - 160 85’1 680 S'LP 8¥01SZ
89'GS6L 2¥'9 90'6¥6F YO'OF9E0 020F20'L 6L°0F66°0 800F09'L 90'0FEY'L 8L'0F8S'C L6 83'L 680 S99 L¥01SZ
6€'9961 82'9  90°0S61 - - - - - - L0’} 19'L 80 GG 9v01SZ
LL'2S6L GL'9  90°LS6L POOFEP'O SL'OFSHO FL'OFHS0 LO0OFOLL SO0F89'L €ELOF6L2  $O'L £€9'L 980 S'vP Gv01SZ
28'.561 109 S0°2S61 - - - - - - 90'1 Y9'L  SE0 GEY ¥v01SZ
£9'8561 /8'S SO'ES6L Y0'0F99°0 8L'0F 680 LL'OF96'0 LOOF YL L GO'OF L9k 9L'0F 652 €0} 29t /80 ST £Y0LSZ
¥2'6561 €L'G  SO'PS61L - - - - - - 104 19'L LE0  S'IY 2voLsz
G6'6G6L 6S'S  GO'SS6L YO'OF 960 9L'0F 290 SLOF99'0 LOOF LL'L SOOFELL ¥L'OF9ET 1O} 09k  LE0 SOF 1#01S2Z
99'0961 S¥'S  S0°9S6} - - - - - - 20°1 19t /80 G'6E 0v01SZ
LE'196} 2E'S GO'LS6L $O'OFB80'L SL'0OF 820 #L'OFOE0 LO'OFSO'L SOOFEYL €L'0F26't 1O} 09't /80 &8¢ 6E£01SZ
80'2961 81'G  S0'8S6! - - - - - - L0t 19'L 80 §'LE 8€01SZ
6.'296L ¥0'S SO'6S6F 90°0F€LL 020FG9'0 6L°0F ¥L'0 60°0F 0L 900F 1L9°'L 8L'0F€€2 €0} 29 980 GO LEOILSZ
0S'€96}L 06'F $0°096L YOOF.SC 2L'OF29L 2L'0OF 080 PO'OF98°0 YOOF¥9'L OL'0OF kb2 660 6S'L 880 G'SE 9€01SZ
SS'¥96L 9L'F  PO'L96L 90'0F SGL'€ 9L0OF69°0 GL'OFLLO 80'0F89'L SOOF09'L vI'OF¥EZ G6'0 ISt Ov0  G'¥E GE01SZ
656961 €9'F ¥0'296F LOOFEOY 020F Ol 6L°0FEP'L 800OFEI'L SOOF 19} LI'OFL6C 060 6’1 20  SEe ¥€01SZ
$9'9961 6v'F ¥0'€96F LO'OFZ0'C C20F 860 L20FG6'0 0L'OF09') 90'0F €I} 61'0F S5 L80 2s'L  e¥0  geE £€01SZ
897,961 SE'¥ PO'P96L SOOF8EL 8L'OF66°0 LLI'OF26°0 LOOFO09'L SOOFO99'L 9L'0F G52 160 ¥S'L b0 §lE 2e0Lsz
£L'8961 12¥ $O'S96L YO'OF 650 SL'OFLED ¥1'0OF8E0 LOOFESL SOOFLSL €EL'0F 681 €L} 89'L €60 G0¢ 1£01SZ
LL'6961 L0V  +0'9961 - - - - - - 148! 89'L 260 §'62 0£01SZ
28'0/61 ¥6'E  $0OL96L PO'OF 190 9L'OF L0 9L°'0F 290 Q00F L9'L YOOF 2L} pL'OFeee OFt 99’ 80 §'82 6201SZ
98°'1/6} 08'C €0°8961 E0'0FGS0 €LOF6EL0 CL'OFLED SOOF YL YOOF8Y'L LL'OF I8 GI'} 69'L 260 G2 8201SZ
16261 99'C £0'696F SO'OF¥9°0 020F 640 6L'0F0L0 60°0F L9} 900FSL'L 81'0Fepe SO €9'L 980 S92 1201SZ
G6'EL6L 25'€E  £0°0.6L - - - - - - 00't 09't /80 &S 9201SZ
u43  (ad,,,) Em_mB Aip m\c._% m\E% Ew_wz, Aip «Hm_m:s Ap Em_oz Ap nEc\m an\w
WHY *°qad,, *ad,, brwdp (1g,,;) (ad,,;) B/wdp B/wdp Bwdp  (Aip)  (1om) % wo al
EL) aov #8900, ~%d,,, +*°Ad, 19,,, ad,,, moiqg . Aususg Aysuaq toiem uideq  9jdwes

01-S640

331




S661/L/1 Ol p8joelIod Aede( ,

€6°. LO'L¥6L $OOF90°0- ZL'OFO0L'0 9L'0F92°0 60°0FGS'L 900FO¥'L ¥L'0OFG9'L  G¥'l 81 €20 &S S501S7
6L L0ev6l L) 28’1 620 G'€S $501SZ
G2'L LOEY6L E£0'0F20°0 LIOFBE0 L1'0OF820 LO0OFEHL SOOFESL SL'OF08)L /L2t 9.1 820 &S £501SZ
L 90'vP6L ghh 191 €80 SIS 250182
Hy3  (ad,,,) Wblem Kip 1ublem Kip WBem Aip  wob  wob
*qd,,; **dd,,. (fap)  (@m) %  wd a
Aysueg Ausuag 491em Yideq osidwes

3OV

01-5680

332



333




06L°0F0L¥CL 690°0 ¥ ¥65°S - 0E0°0 F ppEC cLO0FOLv'} §'6e 920182
S RAVE R TAA %Y c0L'0F618'S - 980'0 ¥ 265'¢ LLo'0oF eyl S've §201sZ
9vL'0F 20C'El G600 ¥ 628'S - $e0'0 ¥ 285¢ 6000 F L9%') S'ee y20isZ
ove'0Fgev'et 160°0F ¥81'9 - ov0'0F Clee clo'0F Ger't g'ec £e01sZ
¢l 0FcLo'LE LLL'OF /8E'9 - ¥0'0F0vee 6100 F ELE"L g'le ecolsz
€61L°0FG88°LL 601°0 ¥ 6609 - ce0'0Fpiee LL0'0F Gee’L S'0e 1201sZ
6850 F ¥E6°LL 1 XA VR AN R - 180°'0 ¥ evCe 9900 ¥ 09€° g'6! 020182
881L°0F 6158 £80°0 ¥ 966°¢C - CE00F0LL} 0LO'0F LE6'0 S8l 610182
260°0F |6SE €Y0°0 F 196°} - SLO'0 ¥ £69°0 S00°0 ¥ 20v°0 gLl 810182
oPL'0F Lel'S 090°0 ¥ e¢s'¢ - 9200 F L2l’} L00°0 ¥ 9€9°0 S'9t L101S2
HEOFEELS SY0'0F LEL'C - 910°0F 60c’t 8000 ¥ 0890 g6l 910182
LEL'OFBI8'S 9S0°0F 199°¢ - €200F LEL'L 2000 F Lp9°0 S'vi SI01SZ
8950 F 2EL'9 LE20F L6S'C - 9/0°0F 102’} 9r0'0 ¥ 1890 S'cl v101SZ
6G2'0 F 25L°S P10 F 69P°C - 8E0'0F €G1°}) 610’0 ¥ 6290 g2l €1018Z
6/0°0F9El’E SPO'0F 9LV L - €L00F ¥190 S00'0 ¥ 8YE°0 gLl cloisz
POLOF vPS°P 9%0'0 ¥ 950°C - L10°0 F 0980 900°0 ¥ 91S°0 S'0l LLoLSZ
060°0 ¥ 9€G°C 6€0°0F LvL'} - SL0'0 ¥ 8890 9000 ¥ ¥6£°0 g6 010182
LLLOF 9P9'E SO0 F G061 - 120°0F ¥1L°0 900°0 ¥ S0¥°0 g8 600182
$220F 189y 9800 F v8C’C - GEO'0F €260 S10'0F LIS'0 S'L 8001SZ
860°0 ¥ 680°'S 8E0°0 F LEEC - 9100 F 600} 900°0 ¥ 1950 g9 £001SZ
€800 F S00°'S OP0'0F 9vE'C - ?10°0 ¥ £86°0 G00°0 ¥ 6650 g's 9001S2Z
L1910 ¥ 2€€°9 P00 F €GL°C - cc0'0¥ 290t LIO'0F89L°0 Sy S00182
201’0 F 0499°G WO'0OF¥Lle - L10°0F L90°L 9000 ¥ 2¥9°0 't $001SZ
2600 F G9Y°S LEO0F L¥OC - 9100 F LpO'} 900'0 ¥ 9190 gc €001S2
822 0¥ 8Y.L9 LLOOF Ly¥'e - 0P0°0F982°} 0l0°0F€9L°0 Sl c001SZ
€51°'0 F 8E9'G 6¥0°'0 ¥ 068°} - Y200 ¥ G80°| 0L0'0F€£9°0 S0 1001SZ
Em_oa Aip Em_oz, Aip Em_o; Alp Em_w; Aip Em_az. Aip
(weabwdp) {weab/swoye) (weib/swoe) (weib/swolB) {weib/swoye) wo ai
(.01 X) Ndgypge, (01 %) dN,, {;0Lx)nd,,, (oL x)nd,,, (01 X) nd,, wideg  ejdwes

01-6690

334



0EE'0 ¥ 1996 620°0 F 00L°0 - 0L0'0F 200 LLO'OF LS9°L G§'cS €5018Z
OvP'0F LS1'91 G¥0°0 ¥ 2€0'E - Y100 F $2S°0 910°0F $9.°C Gg'1S ¢s018Z
869°0 F 89L' VY SOL'0F 1168 - k200 F L¥S'L 860°0 F ¥29°L G508 IS0LSZ
€8G°0F LLLVE 990°0 ¥ 6629 - €20°0F I8l €e0'0F 618G S'6Y 0S01sZ
09e0F2L1've 280’0 ¥ 926°¢ - 8200 F2SL¢2 8200 F££9'E a8y 6¥01SZ
2Ee’0 F ¥8E'Se 9S00 F LEO'Y - 8E0°0 ¥ gG¢¥'E 20’0 FGLE'€ gLy 8¥01SZ
89.°0 ¥ 06.'CS 1900 ¥ 2£9'E - 490°0 F ¥86°S 690°0 ¥ GG¥°L S'9v 1y01SZ
G9E'0 ¥ 0LE'8C Y900 F ISl'y - $50°0 ¥ 869°G Le00FELL'E g'Gh 9v01SZ
9Ee'0 ¥ 92v' L2 CSO0F L9t} - 6G0°0 ¥ 1S€°G 910°0 F £50'C S'vy S¥01LSZ
8620 ¥ £86'G¢ YS0'0 FevLl'y - GE0'0 F 98G'p 020°0F 040 S'eY yp0oLSZ
1E€'0 F ¥68°2¢ €L0°'0F ¥61°L - 6¥0°0 F L25°'S 6L0°0F686°C gey £v01LSZ
809°| ¥ 6.6°6¢€ 8LL°0F 0510t - 912 0F €169 I2L'0F9LLY S’y ev04SZ
8290 F SO0V ccLoFvelLt - 1800 ¥ 6669 0S00F ISL'Y N0 4 1v01LSZ
cEL0F BIE’LE POL'0F 82S°L1 - 0500 ¥ £99°G 2c0'0F 159'C g'6e 0y01SZ
90€£°0 ¥ 00470 8CL'0F 688°Cl - 8Y0'0F LvL'S 610°0F L0G'E G'8e 6€01SZ
60v°0 F v.6°LE 6510 F ve8'vl - 9S0°0 ¥ 00€°L cE0’'0F L92'Y G'lE 8€01SZ
8180 F |9E'YY L92°0F 062°L) - cLi'oFesL's G900 F 688V G'98 LE0LSZ
126°0 ¥ 9GE°9Y 9/8°0F GLL /L - OEL'0F LVE'S 2L0'0¥F IS0'S g'Ge 9€01SZ
LPY'0 F 825°SH €810 F 821°LL - $90'0 ¥ 6S8'8 €€0'0 ¥ 980°S S've SE01SZ
16€°0 ¥ 885°9 Er1L°0 ¥ 0€€'GL - 9S0'0F 101’8 820'0 ¥ 09S°S G'ee $€0182Z
€920 F $0S°L2 00L'0F 18701 - P00 F 6LES L1000 F 6L0°C gee €€£01SZ
9/2°0F ¢L0°L} 010 ¥ €56'9 - LEOOF LOE'E €200 ¥ 068°1 g'Le ceolsz

S02'0F cEP'6 LLO'0 F $90°Y - CE0'0F 908t SO0 F €90°} S'0e L€0LSZ
052'0 ¥ 860°¢C} S60°0 F GS1'S - cP0'0 F €682 P00 F 69E°L G'6¢2 0€01S8Z
GLL0F /86°LE 6900 F /81°S - 820°0F¥26€¢ LLO'0O ¥ 0EE°L g'8e 6201SZ
082°0F 10L'LL €110 F ¥56'Y - £r0'0F 981°C 0200 ¥ 822’} g'le 8201SZ
€6L'0FG197¢C} 1600 F 89/L°S - 620'0F8.¥C Y100 F 86€°1 G'9¢ 1e01SZ

Em_ws Aip Em_ws Ap ybam Kip Ew_wz Ap wbem Aip
(weibjwudp) (weib/swoge) (weab/swoie) (wesb/swore) (weib/swoye) wo al

(.01 X) Ndgypige, (012 dN,g, {01 x)nd,,, (0L X) nd,, (01 X) nd,e, ideg  ejdwes

01-5680

335




IOHM Aq unJ sejedjidey ,,

S661/1/1 O pejossod Aedeq ,

6LE°0F 0LY'9 9¢0'0Fe6l'0 - cl0'0F 102’0 ClO0FOLL'} G601SZ
6SP'OFvEL'S 420°0 ¥ 90€°0 - LLO'OF Ly20 LE0'0F 80S°L $S01S2Z
Em_..&s Aip Ew_os Aip Em_ws Aip Eu_oz Aip Em_Es Alp
(wesBudp) {wesb/swioye) (weib/swoye) (weibrswioye) (wesbswole) al
(601 X) Ndyypiger (,0L x)dN,., (0L x)nd,,, (,01 x) nd,,, (04 X) nd,,, ojdwes

01-S6€0

336



337




- - - cr0'0F /8E'C 900°0 ¥ L6E0 c00'0¥ 9910 g'se 920182
200’0 ¥ 220’0 LEO'OF L¥5°0 - LS00 ¥ 08¢'c 8000 F £6£°0 c00'0F2LL0 S've G201sZ
- - - 0€0°0 ¥ LG2C 000 ¥ L6E'0 c00'0F9L10 s'ee yco1sZ
L0000 ¥ 0200 SE0'0F 9190 - €90°0¥G6/9¢ 800°0 F ¥EVO €00'0¥ 2910 g'cc €201SZ
- - - vL0°0F 1682 LLO'0F 9840 €00°0F LLIL'O S'le ¢c0isz
c00'0¥ 220’0 6¥0°0 F v¥5°0 - 090°0 ¥ 692 600°0 F 09¥°0 c00'0FGLL0 602 Le01sZ
- - - cSL'0FLISe Y200 F vIv'0 900'0 ¥ 891°0 g6l 0201SZ
$00°0 # 820°0 €G0°0 ¥ 00¥°0 - 1900 F LEEC 010’0 *F 62¥'0 000 F ¥81°0 g'8l 6101SZ
- - - 680°0 F828¢ €100 F L8Y'0 $00°0F2LL0 A 810182
900°0 ¥ 0E0'0 LL0°'0F ¥8E°0 - ¥L0°0¥0S2C 010'0 ¥ 96€°0 000 F 9LL°0 g9l LI01SZ
- - - 60°0F LLCC 800°0 ¥ €0¥°0 €00°0F LLV'O §'Sl 91018Z
¥00°0 ¥ ¥20°0 9/0°'0 F 86%°0 - 890°0 F £52'¢ 010'0* 9620 Y000 F9LL°0 Syl S101SZ
L00°0 ¥ 9000 L¥1'0F600°C - () ZAVEIA T A €P0'0F 18E°0 CSLO'0F9L10 S'el Y10LSZ
0000 ¥ 200°0 ¢l 0F60EL - PPLOF LIS 9200 F 26€°0 9000F €810 gcl €101SZ
0000 ¥ €000 0910 F OYS'E - 680°0 F €0b'C 100 F pet'0 Y000 F 9LL°0 S 2LoLsz
000°0 ¥ +00°0 veEL'OF8LLC - LL0°0 ¥ 06€°C 0lL0'0F 66€£°0 €00°0F L9170 S0l 110182
- - - 8.0°0F LEGC clo'0F evv'o ¥Y00'0FSLLO g6 010182
0000 ¥ ¥00°0 191'0F 1/8C - 001L'0¥F699¢C €L0'0F 0LY'0 S00°0F 910 g'8 6001SZ
000°0 ¥ L00°0 SOLOF IGL'} - €CL'0F el 1200 F kPP0 800'0F 8410 SL 8001SZ
L00'0 ¥ 600°0 leL'o*eeet - €50°0F9l€C 8000 F LL¥'0 €00°0F08L°0 g9 200182
- - - €50°0F L8EC 8000 ¥ €2¥'0 €00°0F LLIO g's 9001SZ
c00'0F 8100 480°0F99.°0 - 0900 ¥ L20¢ L00°0¥F 082°0 €00°'0F 8EL0 Sy S00LsZ
- - - 0S0°0F 186°} L00°0 F62£°0 €00°0F991°0 St y001SZ
8000 ¥ 6200 gLL'0F LIY'O - 9v0'0 ¥ 9G6°| L00°'0F2ee0 €00°'0F0LL0 g'e €001S2Z
- - . $80°0 ¥ $06°| LLO'0F 12E0 S00'0F 6910 St c001LsZ2
100’0 F $10°0 880°0 ¥ 658°0 - 6500 F cvl't 6000 F 8620 ¥00°0F LLI'O S0 1001SZ
oniey ] ojel onel ] ojel
Ananoy woje woje woje woje woje wo al
$9,e1/Mdoyzeez Nd4y2/80,, Ndge,/Nd Ndgy.f nzsu Ndye/ QZRN Ndge,/Ndyy, Wideq ojdwes

01-s690

338



GEL'LF 1090 9¢2'0F 12t'0 - veL'0F 0cee c00'0F 200 L00'0F 8100 G6'es £5015Z
- - - 9LL'0F68L°G c00'0F0Lt'0 L00'0F 6100 SIS 26018z
G90°0 F LOE0 SP0'0F G20 - Y0L'0F 6SL'G c00'0F LLLO 0000 F 020°0 S'0S 1601SZ
- - - 180°0 F 0S¢V L1000 F80L°0 0000 ¥ G200 g'6vy 0S01SZ
¥e0'0F vELO YE0'0 F €610 - Y00 F 28’1 200’0 F80L°0 1000 ¥ 650°0 S8y 6¥01SZ
- - - 120°0F L9}°) c00'0F0ct0 L00'0 ¥ 204’0 S'Ly 8y01SZ
81L0'0F 8¥1°0 LI00F LEL'O - cl0'0¥F L09°0 1000 ¥ 690°0 L1000 ¥ 080°0 g'ov Ly01SZ
- - - €L0°0¥82L°0 c000Fcelo 2000+ 2810 'Sy 9v01LSZ
S00°0F €900 9100 F G810 - €L0'0F 6LL°0 c00'0F9€EL0 c00'0FS.1°0 Sy S¥01SZ
- - - Y00 F $E0°1 2000 F ¥S1°0 100’0 F 67170 g'ey P¥01LSZ
£00°0 ¥ 050°0 L10°0F2leo - L10°0F 2og’} c00'0F 0810 LO0O'0F 6EL°0 R4 £¥018Z
- - - €S0°0F 891} L00°0F€L20 Y00°0 F S¥1°0 Sy croLsZ
c00'0F2¥0°0 Y100 F S1E0 - 920'0F GL9'} Y000 F L¥20 c00'0F L¥1°0 S0P H0LSZ
- - - 920°0 ¥ 980'e €00'0F91€°0 L1000 F SSL°0 G'6€ 00182
L00'0 ¥ 8200 LI0'0F 62v°0 - 6200 Fevee ¥00°0 ¥ 83€°0 LOO'0F ¥9L°0 G'ge 6€01SZ
- - - L20'0F 1E0°C S00'0 F L¥E0 LO0'0OF LLLO WA 8€01SZ
L00°0 ¥ 920°0 9100 F 1S¥°0 - 6800 F L96'} 2000 F $SE0 200°'0F081°0 G'9E 1E01SZ
000°0F 8100 Y100 F 0€9°0 - 8v0°'0 F €06} 6000 ¥ 25€°0 €00'0*S681L°0 g'Ge 9€01SsZ
000°0F21L00 810°0 ¥ 696°0 - G200 F $E6°L ¥00°'0 ¥ LEEO LOO0OF vLL°O S've Ge01SZ
000°0F2L00 [AAN R 1 - ¢c0'0F 268t €00°0F LL20 L1000 F 9YL'0 G'ee Y€01SZ
000°0 ¥ 6000 €00 ¥ 6621 - 20’0 F ¥¥0°C Y000 ¥ €5€°0 LO0'0F ELL°0 g'ce €e01sZ
000°0F 2100 €E0'0 F LE6°0 - 8€0°0 ¥ 690°2 Z00°0 ¥ 89€°0 c00'0F8.L1°0 S'Le ce01sZ
100°0*F 9100 8¥0°0F 1SL°0 - $¥S0'0 F 052'C 6000 ¥28€°0 €000 F 0410 S'0e LE0LSZ
- - - 9S00 F I61'¢C 8000 ¥ 28€°0 €00°0F LL°O g'6¢c 0€01SZ
100'0 ¥ 0200 SE0'0F L6S0 - 00’0 ¥ G022 9000 ¥ 06€°0 ¢000F LLIO §'8¢ 6201S8Z
L00'0 ¥ 020°0 620°0F LGS0 - 890°0 ¥ 992'2 110’0 F £0Y°0 ¥00'0 F8L1°0 g'Le 8201SZ
200’0 ¥ 0200 S¥0'0 ¥ 2650 - 9%0'0 ¥ 82€°¢ 800°0F ELP0 200°0F LLVO S'9¢ 1201sZ
oljey onel onel ones ojiel ones
Auanoy woje woje woje woje woje wo al
$3,e1/Mdgyzecz +Ndyy2/S0e, NdgezMd, 7 Ndgyo/dN e, Ndgeo/N, e, Ndge/Mdgye yideq ejdwes

01-5690

339




IOHM Ag uni sajeoydey ,,
S661/1/1 01 pejoaLod Aeseq ,

- - - 6EL'0F 196°0 c00'0F L10°0 00'0F 8100 *0 4] SS01SZ
- - - lel'o¥6gEC’) 200’0 ¥ 0200 L00'0F 9100 Gg'es $S0LSZ
oney ojjel ojjel oned ojjel opes
Ananoy woje woje woje woje woje wo al
wos—\:n_cq«.%u .:uoeusmos— ..:manu\ :&Su :nov«\nzsu :m%«\ nZR« :m%&:mov« :uaon o_nEmm

01-s6890

340



341




$S6°0661 - - POOFEY'L OLOF LLC SLOFEL'E Q0O0Fv¥'L €00FG0'L €ELOFVE'E 290 e} G660 G'¥¢ GeLISZ
6EL° 1661 - - . - - - - - €90 8e’'} GS'0 ¢g'tc ¥CLISZ
gce'L661 - - 90'0F2E'L €C0FEL'E 220FL0C BOOF¥E'L 900F8E'L 6L°0F2Cy 190 o€t 98’0 ¢g'¢e €CLISZ
LS 1661 - - - - - - - - 850 Ge't LGS0 ¢G'ie 2cLisSZ
969'1661 - - Q00F YL LZ0OFYEE 020F0L'C LOOF60'L SOOFLE'L B8LOFLL'Y 850 se'l 180 60¢ 1eLsz
1881661 - - - - - - - - 95°0 vEL 88°0 &'6l 0CL1SZ
190°¢661 - - GO'0OF8E'L BL'OFGZE 8L'0OF8BC 900FECL'L SOOF8Y'L 9L0FELY 950 ee’l 88’0 98l 6L11SZ
£62'¢c661 - - - - - - - - Gs0 ee’l 650 ¢/} 8Li1SZ
geEP ce61 - - 90'0F 121 220F86'C 220¥G8'C 800F2E'L 9Q00F vl 6L'0F 80V +S0 ce’} 650 G991 LILLESZ
$29'c661 . - - - - - - - €50 FA 090 &Gl 9LL1SZ
608°C661 - - 900FG2S'L €20FG8°C ¢Cc0F L9C 600F LE'L 900F€S'L Q020F 00y +9°0 cE'l 660 ¢&'vtL SLLISZ
G66°C661 - - - - - - - - €59°0 ce’) 090 ¢g°tl vLLLISZ
81661 - - 90°0F€2'L 220F2L'C 120FSP2C 800OFBE'L 900F€9'L 6L'0F06'CE GS0 €e’l 860 ¢¢l eLL1SZ
99E°'E661 - - - - - - - - 0s0 og’} c9'0  G'LHE 4995574
cS85'E661 - - L00F61°L G20F89C ¥20F0SC 600F6L°L LOOFCSG'L I2OFLB8E IS0 og’} 19°0 S0l LLELSZ
LEL'E661 - - - - - - - - 0s0 oe’L 290 g6 OLLISZ
£c6'e661 - - J00F 12} L20FLLI'E 920F80'CE 600F92'L LOOF6CSL ECOFPI'P 0S80 og’} 19°0 e'g 60L1SZ
801°v661 - - - - - - - - ¢S 0 LEL 090 S'L 8011SZ
v6Cv661 - - YO'0OF 660 QL'0F 20 GL'OF68C 900FG2'L vOOFOE'L ELOF POy 090 oe’t c9'0 g9 LOLISZ
6.b'p661 - - - - - - - - 8v°0 6c'L €90 Gg'S 9011SZ2
G99'v661 - - 900F 6.0 P20F LEC YCOFECE BOOFB0'L 900F 22t 1C0F02y 050 og’t 290 S’y S0L1SZ
1S8'¥661 - - - - - - - - 090 9t 950 S'e YOLLSZ
9€0°'G66 | - - GO'0F 9GS0 120F8LC 020F€9C LO0OFGS'L 900F6EL 8L'0Fe8E 6¥0 6c'} 29’0 q'c €0LISZ
¢2c'G661 - - - - - - - - ero TN S 990 gl c0LISZ
L0P'S661 - - PO0OFE90 LLI'OFGPZ 9L'0FOPC 900F82'L POOFEE'L $LOFGS'E 0F0 ve'l 89°0 S0 10LLSZ
noiled 43 (ad,,;) WblemAip  bjwdp Baudp  Biom A4p 1ubfem Kip wybem Aip  woB  wo/b
leqo|d **qd,,, **ad,,, b/wudp (g,,;) (ad,,;) B/wdp 6/wdp Bwdp  (Aip)  (19m) % wo a
ELY IOV .80,  «CGdy, ~4d,; 8, ad,, ™°ad,, Ausuea Aususg selem wideg  eidwies

L1-5680

342



ezlos6l - - P0'0F69°0 8L'0F LL'E LL'OF L0V 80'0F 9GSk YO'0OF 62 L SLOF6E6'F 950 €61 850 08 IS11SZ
vieog6L - - Q0'0FSE} 120F 92 6L'0F66'Z 600FEL'L Q00FEY'L LV'OF6BL'Y 290 181 G50 G6p 0S1ISZ
59861 - - 2L0F0LL220F0L2 020F 1.2 600F 86} 900FEY'L 8L'OFE6'E  S90 6E'L €50 &8P 6vLISZ
989'9861 - - L00FE¥y 8L'0F 162 LI'OF2SE LO0OF LO'L $OOFSEL SLOF62Y 190 8L 850 Gy  8YiISZ
1/8'986L - - OLOF6PY €20FVI'C 2TOFOVE OL'OFGO'L 9007 I¥'L 6LOF9SY LSO 'L IS0 S9F Lyi1S2Z
l50°.861 - - LIOF 90V L20F25C 920F28'C 0LOFOL L LOOF8YL €20F00S LSO ye'l LS50 §St  9viiSZ
gveleeL - - B00FE8'E €20FO8'C I20F LOY 600F29'L 900FEY'L 6L0OF6L'S SS0 €8l 650 Sv¥ SrLiSZ
g2v'/861L - - B0'0FGO'E 220F2CE 120F0LE 80'0FGOL SOOFOEL 8LOFOLY LSO ye'L S0 GEb vyL1SZ
€197/861 - - LI'0F6L'C BZ0FE9C 920F L6'C 2L'0F 2L LO'OFOP'L €20F L0'S 090 9¢'L 950 §2Y evLiSzZ
66.°/861 - - J00F65'C 8L'0F82C LL'OFOISE 900F ¥t $O0OF6L'L SLOFLP'Y 650 ge'l IS0 Sy ZrLisz
G86'/861 - - BO0OFSO'C $20F98'EC 2Z0OF68EC OL'OF6EL 90°0F LEL 020F96F 090 98t 950 SOF I711SZ
L1'8861 - - J00F2g0'C €20F LI'E 220F OV’ 60°0F09°'L Q00F8E'L 6L0F2SP 190 98l 990 G'6¢ oISz
9se'8g6l - - 900F¥LL L20F00Z 61'0F90°C 60'0F 06t SO0F Lyl LI'OFOEY 650 9e't 990 &8¢ 6EL1SZ
IvS'886L - - L0'0F65C L20FLL'E 020F66'C 8B0O'0OF LS'L SOOFLEL 8L'OF8E'Y 950 ¥e'L 850 §'lE 8E11SZ
LzL8861 - - 800FGSC ¥Y2OFOL'C €20FB8E'E OL'0OF8SL 90°0F2E'L 020F v’y 850 Ge'L  LS0 g9t LELISZ
zie'e86k - - Q00FI¥'g LI0OF22E 9L'0F9GE LOOFESL VO'OF 2L YLOF6Y Y LSO ye'L 150 G'SE 9ELISZ
860'6861 - - BO0F2ST ¥20FBZC £20FBY'E OL'0OF29'L Q00OFEY'L 020F SOy SS0 €8l 650 GvE GeLISZ
y82'6861 - - 800F LPC ¥Z0FQ2C CSOFYVE 60°0F k'L 900F 92k L2OFEYY LSO ve'L 850 G'EE YELISZ
69’6861 - - B800F86’L L20FGOC 920F ¥L'€ 0L'0OF 22t 900F vI'L €20F6SF 190 81 G50 §2E geLISZ
6596861 - - $00FE6'L SI'OF LE'E SLOF60'C SO0OFGEL $OOFGSS'L ELOFOMY 290 81 S50 ¢§'le zelLisz
¥8'6861 - - 800FEPT ¥2O0F L' TSOFOSE OLOF¥b’'L 900FGE'L 020F6SY LSO ¥e'L 850 §0€ LELLSZ
9200661 - - SO0FEPT 9L'0F62'C 9L'0OFGL'E GOOFOEL SO0FLHL vLOFeey 950 'L 850 G662 0ELISZ
L2066 - - L00F€£2 120F16'C 61°'0F0L'y 80'0F92') SOOFBO'L LL'OF/8V 950 &'t 850 982 62L1SZ
l6E°066L - - Q90'0F 102 020F86'C 02°0F88'2 90°0F€E'L SO0F2Y'L LLOFLOP 090 9t 950 &'L2 821182
28g066L - - L00F69') 220F252 120FELT 600F GG L 900 F GE'L BL'OF LBE €90 88l Y50 692 121182
89,0661 - - L00F62'L ¥20F65°C £20F €82 0L'0F2ZSL 90°0F62'L 020F06'E  £90 ov't 250 §S2 921182
Woled 43 (ad,,,) WbemAp bwudp  biudp  Iyblem Kip 1uBlem Aip Jublem Aip wio/b Wio/b
[eqolD *°dd,, *°dd,,, B/wdp (g,,,) (ad,,,) B/wdp 6/wdp Brudp  (Aip)  (19m) % wo al
3oy E (51 2NN O ~d,,, +°Ad,; 19,,, ad,,, moqq, , Ansueq Ausue@ solem uideq  djdwes

L1-6690

343




S661/1/1 01 peosLiod Aedseq ,

902861 - - OL'0FESC 820F26¢C Lc0F09C LL'OFLS'L 600F98°L v20F9ey GG0 €'t 660 GeL €LLISZ
cec'eB6l - - L0'0FGG'C 220F6EC 020F28C 600F€6'L 900F €51 8L 0OFEL'y 960 PEL 860 G'iL cLLISZ
8Lv'2861 . - 60°0F22'S 020F LI’ 6L'0F9L'C Z000F 18} 90°0F28'L 91'0F I8'E  $50 ee’L 650 6&0. LLLISZ
£09'2861 - - 60'0F €S’y €C0FG8'L 2CO0F L.} 8O0OF08'L LOOFC6'L 6L'0F05E <290 L8} 66’0 669 041182
68,2861 - - 800F8LC 0C0F 16} 6L'0F96') 800F 6L} 900F €L L LI'OFHYS'E €90 8€°1 $S0 689 691L18Z
v.6°2861 - - 60°0FE€E'G 220F20C I20F P62 80O0OF6S'L 90°0F L9'L 61'0F8EY 6¥0 o€l 290 6.9 891187
91°€861 - - SO'0F GOl 91°0F 89} 9L'0OF6S’L 90°0F 891 SO0F9L'}L €L'0F¥ g2t $90 6€’L ¥S'0 S99 191182
SYe'Es6l - - €00F 650 SL'OF8L0 vL'OF 90 SOOF IS'L ¥OOF L9'L 2L'0OF P22 160 SS°L IP’0 S99 9911SZ
LEG'EB6I - - YO'OF¥0'L LL'OFBE'L QL'OFBEL 900F ¥S°L SOOFESH vL'OFI82 .0 Sy’ 60 S'v9 S9L1SZ
91.°'€861 - - €00F6L0 EL0OFS90 €L'0OFL90 SOOFES'L POOFIS') LLI'OFELZ 6S60 AN 60 G'€9 ¥911SZ
206°'€861 - - POOF 480 9L'0F 90k SL'OF66'0 900F9S'L SOOFE9'L EL'OF$S2 180 69°1L S¥'0 S¢9 €911SZ
880'¥861 - - €0'0FG80 SLOFGS'L vLOFEY'L Q00F 9SG} POOF LIl 2L'0OF66C 940 11 N8 8’0 G'I9 29118z
£.2'¥861 - - PO'OF 090 9LOF¥S'L SLOFOY'L 900F09'L SOOF L9l €L'0F20E €40 14" 6¥’'0 G09 1911SZ
65t ¥861 - - GO'0F /90 ¢20¥28'} I20FS9') 800F €9’} LOOFBL'L BL'OFOE'E 990 or'i ¢s'0 <69 09}18Z
Yy9'v861 - - €0'0F LE'O SLOF260 PL'OF92' L LOOFHS'L POOFESL CL'OF6EC +80 0s°1 ¥r'0 G'8S 6G11SZ
£8'v861 . - G00FG9°0 120F /2L 0C0F 0Lt 600F28'L L00F 6L LI'0OF862 +L°0 vyt 6’0 G'/S 8S118Z
S1L0'S861 - - - - - - - - £5°0 2e’L 090 ¢S99 LS11SZ
1026861 - - - - - - - - Sv'0 2’1 690 ¢G5S 9G11SZ
18€£°G861 - - €0°0F220 91'0F €90 SL'0F66'0 L00F29°L POOF6C'H €L'0F 022 880 £5°1L er'0  SvS SSIHISZ
2.5°'S861 - - - - - - - - cL0 evl 6’0 G'€S ¥SL1SZ
85.°G861 - - €O0F0P0 BLOFLEC LL'OFHSE LOOF LY'L $O0F92'L SL'OF09'E €90 8e’L $S°0 g¢s £€S11SZ
£p6°6G861 - - - - - - - - €60 ce’l 090 ¢G'IS eSSz
inojed 443 szuv Em_!s ?_u‘m\Enu m\Env Em_ss Aip Em_Qs Alp Em_mz Alp nEo\m nEo\m
leqolp *°ad,,, *ad,, bmwdp  (g,;) (ad,,) Bwdp  bwdp  budp  (Ap)  (Em) % wd a
39V 39V +80 ¢, ~ad,; «*°ad,,; 18,,, ad,,, moqd,,, Ausueg Ausueg tejem uideg  ejdwes
L1-S680

344




345




- - - - - §'Ge ETANNY4
- - - - - S've Sci1sz
- - - - - g'ee yeL1sZ

0cL'0¥66L°6 8Y0'0F L0V cig’oF 08¢ 0200+ L68°} £L00'0 ¥ 960°t G'2e £€21182Z
- - - - - S'le cclisz
965°0 ¥ 60€°01 981°0 ¥ 996°'€ 92€'0 F 1662 IBO'0O ¥ €£06°L LPOOF L8L°) §0e letisz

- - - - - S'61 oclisz
- - - - - S8l 6L11SZ
- - - S/ 81182
- - - S'91 LISZ

- §'61 91118z
- - - - - S'vi Siiisz
- - - . - SEl 14 1 2374
- - - - - sl €111S2
- - - St cliisz

- - . - . S0L LELISZ
- - - - - c'6 0LL1SZ
- - - - - '8 601197
- - - - - A 80L1SZ
- - - - - G'9 101182
- - - - - g's 901187
- - - - - Sy S0L1SZ
- - - - - St voL1SZ
- - - - - g €011SZ
- - - - - Sl cotisz
- - - - - S0 L0LISZ

:wm:zs Aip Em_o; Aip wbam Aip Em_m; Alp Em_os Alp

{we16wdp) (weib/swoje) (weab/swoje) (wei6/swo)e) (wesb/swole) wo al

(.01 X) Ndgppuge, (0L x) dN,, 0L X)nd,,, (,oLx)nd,,, ;01 X) nd,, Wideq  sidwes

L1-G680

346



- - - - - §'¢s €S11SZ
- - - - - SIS 418574
- - - - - G508 1S11SZ
- - - - - g6y 0gLIsZ
- - - - - 814 1498574
- - - - - S'Ly 8y118Z
9v2’0 ¥ 656’6 €600 F Ocv't 00c'0* /8Y°E 8E00FG1L6'L 9100¥F61L°L SOy LyI1SZ
- - - - - g'ay ovLISZ
- - - - - S'vy SvLISZ
- - - - - Sty YISz
- - - - - Sev 12495374
. - - - - S’y [143 3374
- - - - - s'or iPi1SZ
- - - y - S'6€ oviiSZ
- - - - - S'g8e 6€11SZ
- - - - - AN 8ELISZ
- - - - - G'oe LELLISZ
- - - - - g'¢e 9g118Z
- S've SeLiSZ
- - - y - S'te pELISZ
- - - - - gee eELIsZ
- - - - - S'ie eelisz
- - - - - g'0e leLisSz
- - - - - g'6¢ 0eL1SZ
- - - - - '8¢ 6ct1SZ
- - - - - S'le 8ci1SZ
- - - - - S'9¢ JXA R4

WbBam Aip wbam Aip wbam fap JuBlom Aip 1UDloM Kap
(weibywdp) (weib/swoge) (weib/swoje) {weib/swoye) {wesb/swoje) wo at
(c.01 X) Nd e (o1 x) dN,, {01 x)nd, . (,o1 x) nd,,, ;01 X) nd,,, wideq  ejdwes

11-6690

347




G661/1/1 0} PeI0eLIod Aedeq ,

- S el ELLLSZ
. S'1L zL118Z
) ) ; : . 5'0L LLLLSZ

) ; : . 69 0L11SZ
) ) ) - . 589 6911SZ
] ’ ; - - 529 891157
) ] ) - - 99 L911SZ
) ) - - - 5’59 991152
) ; - - 59 S9L1SZ
i - . S'€9 v911SZ
- . ) £91187
) . - S'19 291187
- 509 L9L1SZ
- 565 091182
- 85 6511SZ
- LS 851182
) ) - : - 5'95 L5118Z
) ’ . : . 5'SS 951182
] ] ; - . S'bS SSHLSZ
) ) ) - - s'es bSLLSZ

Em_oz Aip Em_o; Aip Em_m:s Alip Ewiz. Aip Em_wz Aip
(weibyudp) (weib/swoje) (weib/swole) (weib/swoge) (wesbsswole) wo a
(.01 X) Nd )\ pqe7 (,01 x) AN ¢, {0Lx)nd,,. (,01L x) nd,,, (501 X) nd,,, wdeq e|dwes

L1-5690

348



349




- - - - - - G'6e 92LISZ
- - - - - - S've GcL1sZ
- - - - - - g'ee ¥eL1LSZ

000°0 ¥ L00O°0 G/0°0F 165} 261’0 F08G°¢C YEO'0F LbLC S00'0¥F LLE0 200'0F€LL'0 g'ge €2LISZ
- - - - - - g'le 2cLisZ

100°0 ¥ L000 660°0F v69°L 1420 F8G6° cEL'0F $BO'C 020’0 * ¥EE'0 L00'0F 0910 §'0C teLisz
- - - - - - g6l 0cLISZ
- - - - - - S8l 6LLISZ
- - - - - - gL 8LL1SZ
- - - - - - G991 LIL1SZ
- - - - - - g'Gl oLLISZ
- - - - - - Syl SLL1SZ
- - - - - - S'el vLILSZ
- - - - - - gcl eLLLISZ
- - - - - - SLHE cHLISZ
- - - - - - S0l LELLSZ
- - - - - - g'6 0LL1SZ
- - - - - - g'g 60L1SZ
- - - - - - SL 801182
- - - - - - g9 L0L1SZ
- - - - - - G'S 90L1SZ
- - - - - - 1° 1 4 SO0LISZ
- - - - - - St v0L1SZ
- - - - - - [N €0118Z
- - - - - - Sl 20LIsZ
- - - - - - g0 0LISZ

oney onpel ojjel ones ojes ojjes
Ananoy woje woje woje woje woje wo ai
80 ,64/Mdopzisce +Nd,2/80,¢, .Anow x) Ndye/Nd,y, :moa\nzun« :man«\nzsu Ndye/Mdoy, uideg ejdwes

L1-5680

350



- - - - - - g'es €511SZ
- - - - - - g'LS 4198574
- - - - - - G'og L1SL1SZ
- - - - - - g6y 051182
- - - - - - S'8y 6v1L1SZ
- - - - - - A4 8y 1ISZ
000°0 ¥ 200°0 9SL'0F 69¢€°S GL10FGel'e 2900 F80¢€C 0LO'0* G6E0 €000F LLL'O g9y LYLLISZ
- - - - - - g'ay oPLISZ
- - - - - - Sy SyLiSZ
- - - - - - g'ey 1443374
- - - - - - gy eviisZ
- - - - - - Sy eriLisZ
- - - - - - S'oy IWhESZ
- - - - - - G'6€ ovLisSZ
- - - - - - G'ge 6€L1S2Z
- - - - - - WA 8EL1SZ
- - - - - - g'og LELISZ
- - - - - - g'Ge 9€1SZ
- - - - - - S'ye GELISZ
- - - - - - g'ee YELISZ
- - - - - - g'2e €eL1SZ
- - - - - - S'le ceLisSZ
- - - - - - g0 LELISZ
- - - - - - g'6¢e 0€L1SZ
- - - - - - Gg'8c 62L1SZ
- - - - - - G'/lc gcL1sZ
- - - - - - G'9¢ YXAN YA
oney onel oljes oljjel onel ones
Ayanoy woje woje woje woje woje wo al
80 ,6//Ndorziecz ANdgy2/S0 ¢y {01 X) Nde,iNd e Ndgy, /AN, Ndge, /AN, Ndge,/Mdyy, Wideg  sidwes

L1-G690

351




S661/1/L 0) pejosliod Aedeq ,

: - §'2L €L11SZ
- - ShL 2L11S8Z
- S'0L LLELSZ
- - S'69 0L11SZ
: - 5'89 6911SZ
- 629 891152
- - 599 194182
: - 5'59 991187
- §'v9 591152
: - 5'e9 $91 182
. 529 £91152
- 519 291182
- 509 19L1SZ
: - 565 091152
- - '8 651152
: - .S 851152
i . - - §'95 1S11SZ
: - §'5S 951152
i . - - §'vS S51182
. - S'€S ¥S11SZ

oney ojjed ojiel onel ojjel oned
Ayanoy woje woje woe woje woje wo ai
ﬂohn—\:&ogdnu cﬂ&ovN\QOan cAaOF Xv _.._&onu\:& 1Hwe :&ovu\QZBnu Sﬁon«\QZNnN _Jlanﬂ\:&ovu S«QOO ﬁ_asﬂm

Li-5680

352



353




28'9.61 S9°| 12°6L6L CS00F L2O LLOFGLL LLI'OF6L'L SO0OFLS'L POOFESL 9L'0F 12€ €80 0S°t S¥'0 S've geeLsZ
€0'8.61 8S°} 88°'6/6L SO00F 920 0C0F8¥'L 6L'0F0c't BOOFEY'L 900F I6°F LI'OFQ0'E 260 eg’t I1'0 &'t $2eLSZ
y2'6.61 2S°L 50861 - - - - - - SL'0 St 8y'0 G'¢¢ €ecelsz
Sy'0861L Sv'i 12861 POOF LY'O LL'OFL8'L 9L0F0S')L 800F9P°L 90°0%28°L SL'0F92'C 9.0 oYL 8vy'0 G'Ie ccelsZ
99'1861 8E'} 181861 - - - - - - 8.0 Lyl L0 S0c Lleelsz
182861 2€1 $¥9'286L VYOOF IS0 BLOFIG L LLOFOY'L 800F8S'L 90°0F 29t GLOFH0'E 860 65} 8e'0 G'61 0ceLsz
g80'v861 G2'L 02'€861 €00F .20 €20F.L0C €C0F LS} LOOF99'L 900F€L'C 0C0OF09'E 180 6v'1 sv'0 ¢g'8l 61€1SZ
62’6861 81} /8'€861 Y00F 020 BLOF8L'L LLOF /2L 800F 8L 900FGL'L GL'0OF86C 160 $S°L 0 SLL 8IE1LSZ
0G'9861 L1°L €5'¥861L €00FEE0 9L'0F06'0 SLOFGB0 90°0FGS'L SO0OFO09'L €L'0F6E'C €80 0s’'t P00  G91 LIELSZ
G0'/861 SO°L 02'686L $O0OFE90 8LOFSYC LL'OFEZC LOOF6Y'L SOOFOLL 9L'0F98'E 2L0 eyl 080 GG 9LE1SZ
65°/861 860 98'G86L S00F6S0 120¥86C 0C20FvLC 600F 6L LOOFCL L 8LOF6EY 1LLO eyl 0s'0 Svi SIE1SZ
1’8861 160 £€5'9861L SO0F6SL B8LOFLLC LI'OFBE6'L 800F LE'L 90°0FGG°|L QL'0F8Y'E LLO ov'l Y0 G¢El vieLSZ
89'8861 +8°0 61°/861L LOOFHL'L 620%22¢C 620FGLC OL'OF9G'L 800F €9l G20FE9'E GBO 1St vv'0  GCl 15189 8274
€c'6861 8.0 98°'/861L PYOOF ICL 9LOF 6L GLOF GO} 900F8S'L GOOFES'L vIOFEYE L0 syl 6¥0 Gt cLELSZ
2.°686)1 LL°0 25’8861 SGOOF P60 LZOFQLC 920F02¢C BOOF 9L 900F LG} v2OFEQE LLO oyt 0 S0l LIELSZ
2’0661 ¥9'0 816861 S00FB89'0 020F6E£C 6LO0FIEC 600F9S°L 90°0FG9'L 8L'0F06'E 2.0 131 4N 8 0S°0 9’6 0le1sZ
98°0661 LSO 686861 LOOF8L0 v20F8LC €20F09C OL'OFOP'L 80°0F8S'L 120F60Y 2.0 €'l 050 g'e 60€1SZ
P 1661 LSO LG'066F SOOF LL0 2C0F 1L 220FG52C 800F9G°L 90°0F¢2L'L 020F02y 040 eyt S0 S'L 80€1SZ
66’1661 v¥'0 8L'L66L 90°0F 650 SCOFSSC vec0FBEC OL'0OFCG'L LOOFGI'L 220F86'E 690 eyl 1S0 g9 L0ELSZ
062661 LEQO 81661 SOOFSPO £€C0F6EC cc0F02C 600F6¥'L LOOFLO'L 0COFI8E 0LO et 160 g'S 90€1SZ
g0'€661 0£°0 L1GC66L SO0F LGS0 1C0FLLC 0cOFvE'C 600FEP'L LOOF6LL 6L0F90y 890 Wi cs0 1°0 4 SO0ELSZ
65°'€661 20 JI'E66L YOOFOP'0 S20FG0E G2OFE6'Cc BOOFSO'L 90°0F9L'L €2°0F 05y 690 ct'l 1S°0 g'e y0ELSZ
vLp661L LLO ¥8°'€661L SO0OF$2°0 L20F¥2C 020F P02 60°0F09°'L LOOF8LL 8LOFLLE 0LO 4 AN S LSO gec €0€1SZ
89'v661L 0L'0 0OSP66L VO'OFCE0 220F€6C 2c0F96°C¢ LOOFOS'L 900F L¥'L 6L'0F 2y 190 9g'l Ge'0 Sl c0ELSZ
€2'6661L €00 LL'G66lL POOFOE0 220F19¢C LcOFeb'e BOOF6V'L 90°0F 99} 020F 20y GS°0 £e’L 65°0 S0 L0ELSZ
HH3  (ad,,,) WBlRmMAip  baudp  budp  1yblem Aip iublom Ap blem Aip Wb (wo/b
WHY *ad,, **dd,, bsudp (8,,;) (ad,,,) B/wdp 6/wdp Budp  (Ap)  (I@m) % wd al
3oy IOV .80,  MGdy,  +Ody, 18, ad,;,  ™°ad,, Ausueq Ausueq Jelem wideq  ejdwes

€1-5680

354



G2'2s6l Lb'e  €6°1L961 - - - - - - 000 000 000 S0S ISELSZ
00'€S6L YE'E 652961 SO'0OF 00 S2OF LE'L $20F80'L OL'OFEE'L LOOFSL'Z L20OF6L'E 9L'L 01 L€0 G6F  0SEISZ
GL'ES6L L2'€ 92'€96L €0'0FO0L'0 L20FO9GL OZ0FEY'L LOOFSL'L SOOF /8L 8L'0F02E L0} o't G800 S8y  6YEISZ
0S'¥G6L 02'€ 26'€96L SO'OFBE0 PZOF LYt €20F6L'L OL'OFELL LOOF66'L LZOFHPL'E 80} g9’ S€0 GLy  8¥EISZ
G2'6S6L YL'E 65196 - - - - - . 2Ll L9t €80 S99y  LVELSZ
00'9S61 L0'€ S2'G96L SO'0F6S'0 0Z0F ISl 6L'0FG2'L 80O'0OF8S'L 90'0FEQ'L LL'OFHYOE €01 29'L 980 GSSY  9vELSZ
G/'9G61 00  26'S961 - - - - - - %! L9t €0 S¥r  SYELSZ
0S'/G61 £6'C 859961 SO'0F69'0 220F¥SL LZ0F IGL 600FEL')L 900FGL') 6L'0F kg€ /80 254 €y0 GEy  vvEISZ
G2'8S6L [8'C G2'/96L YO'OFSY0 LZOFLy0 920F kL0 60°0F L0 LOOFO8' L ¥20F9p'C 80'L G9't GE0 G2¥  EYELSZ
006561 08'C2 16'296L ¥0'0FE€L0 PL'OF06'0 €L'0F69°0 90°0F99'L YO'0OF 98’} 2L'0F2SC 660 654 BE0 &'y  CvEISZ
G/'6561 €.'2 85'896L YO'OFH60 LZOF LYk 0Z0F LEL LOOF2S'L SO0F29'L 8L'0OF 182 G6'0 LSl 60 SOV IPELSZ
0S'096} 99'C2 +2'696L ¥O'0OF 190 8L'OF6SL LL'OFOZ'L 80'0F8F'L 90°0F 18 GL'0OF2Z0E 160  +S'L b0 G6E  OVELSZ
G2'1961 09 16'696L YO'0OF99'0 ¥2ZOFOZL €20F el LOOFEY'L 90°0F LS'L L20FI8C 60  9S'L Ob0 S8  6EELSZ
002961 €52 LS'0.6L ¥O'0OF.S'0 SL'OF280 SLOFLL0 LOOFHO'L SOOFL'L ELOFEFZ 001 09k 860 G/  BEEISZ
G/'296} 9¥'2 Y2'L.6L SO0F/Z'L 0Z0FOL'L O20F60'L 80'0F09'L 90°'0F89°} 8L'0OFELZ 060  +S'L 2v0 G9€  LEEISZ
0S'€96L 6€'C 06'L.6) 90°0%88'2 020F€8L 6L0OF+8'L LOOF6F') SOOF6L'L 8L'OF92E 280  6F'L GP0 GSE  OEEISZ
LL'Y9BL €€2  LS2.6L SOOF Y8 L 6L0F eyl 8L°0F8EL LOOFO09'L SOOFHI'L LLI'OFLEZ 160  ¥SL WO GPE  SEEISZ
26'S961 92'¢ ETEL6L 90°0FE€6L BL'OFOVL LL'OF62ZL LOOFOS'L SOOF L9'L 9L'0FG82Z /80 25t E€Y0 GE€E  vEEIsZ
€1'L961 612 06'E€L6L SOOFHEL 9L'OFHZL OL'OF8LL LOOF6ES'L SOOFHO'L ¥1'0F8L2 880 €51 2¥0 G2  €E€1SZ
¥£'8961 2L'2  9S'P/6L 90°0F 82T 6L'0F89L 8LOFp¥'L BO'OFSH'L 90'0F69°} 9L'0OFLOE 6.0 8L  9¥0 G'IE  2EEISZ
G5'696L 902 22'GL6L SO0OFETL LLOFESL 9L'0F8SL LOOFES'L SOOFHS'L ¥LI'OFQ0E 280  6¥L SO S0OE IEELSZ
9/'0/61 66'L 68'G.6lL 80'0FE6'0 OSOFPS'L 620F 82t €L'0F99'L 60°0F26'L 920FSL'E  +8°0 05’k Y0 G62  OEELSZ
L6'LL6) 26'L  GS'9/6L SO'0OF Y60 920F L9k 920F 6L 80'0OF0S'L 90°0F L9'L €20F LO'E 610 ¥l 9¥0 G682  62€1SZ
8L'EL6L G8'L  2T'LL6L ¥O'0OFCI0 SLOFL9L SLOFGS'L 90°0F 1G'L SOOFEYL EL'OFEL'E L8O 2s’L  e¥Y0 Sl2  82eIsz
6E'PL6L 6LL  88'L.6L $O'0OFES0 020FGY'L 020F8L'L LOOFL9') 90°'0F€6')L BL'OFE0E 980 2§t €0 S92  [2EISZ
19'GL6)L 2L’}  S§G'8/6L YO'OFLy'O 020FOv'L 6L'0FOE'L 800OF L9’k 90°0F9L'L LLI'OFGO'E 180  6¥F 90 GSC  92EISZ
HH3 szuv Em_os Ap W\E% m\E% wbom Aip Em_ms Ap Em_ws Ap nEo\m nEo\m
WHY *°dd,, *°dd,, Bmwdp (g,,) (ad,,) Bwdp  Buwdp  Buwdp  (fp)  (em) %  wo a
aov 3ov 2800, ~°ad,,, «*°ad,; 19,,; ad,, '™%ad,, Ausuaq Ausueg selem yydeq  ajdwes

£1-6680

355




G661/1/1 0} pejoanod Aedeq ,

000661 L9t €6'6S561 Y0'O-F+00- 020F ¥L'L 6L'0F 660 80'0OF 161 90°0F 90C LI'0OF 10E ¢cc'} €Lt 00 G'es YSELSZ
G/°0661 ¥S°€ 090961 - - - - - - 000 000 000 ges £5€1SZ
05°1S61 L¥'€ 92’1964 €00F 100 9L'0OFCL'L SL'OF86'0 L000FLLL GOOF06'L #L'OFPBC €11 89°1L €e0 SIS cselsz
Hy3 Sn_zuv Em_&s Aip Jm\Ea_u m\Eau Em_m:s Ap Em.ﬂs Ap Em.o? Adp an\w an\m
WHY *°qd,, *°dd,, bjwdp (g,  (ad,,) bwdp  Buudp  bwdp  (Ap)  (BM) % wo a
3ov ED) +80,¢, ~°qd,, +*°ad,, 19,,, ad,,, "™%ad,, Ausueg Aysueq itejem yideq  ejdwes
€1-5690

356



357




80€°0 F L08'6 0020+ 1898 - 0S0'0F 218t L10'0F 621’} g'se 9ceLsz
06L°0F LEY'L SL00F 0v9'¥y - 6200 F e’} LLO'OF €480 s've geelsz
6SL'0F 1199 880°0F LvE'Y - 9200 F 9t2’) 6000 F2SL°0 g'e€e yecelsz
€810 F 95’8 ¢80°0F LIE'S - 9200 ¥ 95’1 €10°0F 000°} Gg'ge £€ee1sZ
/81L'0F 6018 LLOOF LLE'S - ceE0'0F82s't 8000 ¥ €260 S'ie ccelsz
26L'0F v2E'6 ¥80°0 F £86'Y - 820'0Fcco’l €L00F LLL'L g'0¢c 1ee1sZ
6LL'0F ¥8B2'S LS0°'0 ¥ 000°C - 120'0F2L0°L 900°0 ¥ G65°0 g6l 02e1szZ
LE20F260°L SiL'0¥2e8e - €00 F v6E°1 810°0F98L°0 S8l 61€15Z
86.L°0 F 959'Y LIGOFGEL'E - ¥01°0 ¥ 298°0 G90'0 ¥ G€S°0 gL 8lLELSZ
992'0F 621G 8210 F6e8C - €€0°0 ¥ 0480 2c0'0¥ 6190 S'91 LIELSZ
XA NN 258 699°0 F €2¢8'E - L120F919°L 9v2'0F 8¥8'L S'GH 918182
PSL'0OF 66EY 660°0F912’E - 620’0 F 0£8°0 6000 ¥ 005°0 Syl SLELSZ
8EL'0F LL6E S80'0F61LC - €C00F LpL°O L00'0F ESP'0 g'el vI€1SZ
LLO'OF 2EE'E €e0'0FG02'¢ - cLO'0F $19°0 G000 F $8€°0 gcl €ISz
LYLOFELSE 2600 ¥ 00v'2 - 1200 ¥ 2590 LLO'0F €£0¥°0 S [43948°74
02ce'0F ¥8E'E érL'0FElv'e - 6200 ¥ 229’0 81L0°0F L6E°0 S0t LIELSZ
vICOF LIEE €.00¥F Liv'e - LEO'OF £65°0 900°0 ¥ 68€£°0 9’6 OLELISZ
L61L°0F629°E 2eL'0¥825°C - 0£0'0F2¥9°0 cL0'0F 8210 S8 60€1SZ
c9c’0F Gev'e 002’0 F p6€°C - 8£0°0 F €290 6100 ¥ 86€£°0 A 80€1SZ
9LL'0F LIG'E S ANV} - $20'0F L19°0 €L0°0F 8L¥°0 g9 10€182Z
Wwi'oFelee 6.0°0¥F2€0°2 - 1200 ¥ 8190 600°0F €.€°0 g's 20€e182
0CcL'0F8lLLE 860'0F¥82L'¢C - 610°0F 189°0 1000 F 0EY'0 Sy 101 485V
GL0'0F L90'V 9€0'0 F L9272 - 2L0’0F8SL°0 $00°0 F L9¢°0 S'e P0ELSZ
SY1L'0F 168°¢C +0L'0F 691°¢C - 1200 F L6¥°0 6000 ¥ LYE'0 g'e €£0€1S82
€80°0 F 6¥1°E €E00F LL9°} - ¥10°0¥9.5°0 $00°0 ¥ G9¢°0 Sl c0eLsSZ
€2L'0F LHO'E 1L0°0F98€C - 120°0 ¥ LSS0 G00'0 F£SE0 S0 L0ELSZ
Wubiam Aip WDbjam Aip Wbiom Alp Wubiom Aip Wubtom Aip
(weabpudp) (weab/swo)e) (weib/swoye) (weib/swoye) (weib/swoye) wo al
(.01 %) Ndyy g, (01 %) dN,, J{;0Lx)nd,,, (,01 X) nd,,, (;01X) nd, yideg ejdwes

€1-6690

358



- - - - - g'es €eeLsZ
¥80°0 ¥ G68°0 1200 F L0E°0 - 900°0 ¥ 6S0°0 €000 F SEL0 g'1S ¢Selsz
- - - - - Gg'0g 16€1SZ
851°0F vSO'¥y 0€0°0 F $¥$5°0 - 0L0'0¥ €420 8000 F 2¥9°0 g'6v 05€1SZ
6€£2°0 ¥ 2969 £€50°0F86.L°} - €20'0* 0180 810°'0F 9.6°0 g'gy 6vELSZ
c82°0F6LLGH 0S0°0 F 658'¢C - GE0'0F LLbe €200 F 658} WA 4 8yE1SZ
89E°0 F 9G1'81 6100 ¥ 85¥°C - 1900 ¥ L68°C ¥C00 ¥ 168°} S'oy LYE1SZ
£6G°0 F ££6'€C 8/0°0F8LLE - 960°0F 10L°L 00’0 ¥ LO9'E g'Gy oveELSZ
8/.¥'0 F G9¢'ve v.0'0F I8L'E - 990'0 ¥ 8IS'Y L8007 18L°¢ S'vy SPELSZ
6190 ¥ 095°LE 9EL'0FBLE'Y - 80L'0F€S0°L Ly0'0F 282V g'ey 1422574
162°0 * OEE'S| 980°0 F 90L'€ - 900 ¥ 989°¢ L10°0F 618’1 g'ey eve1SZ
Y0t ¥ 8L2'8¢ CEE'0F LEB'G - LYE0F 918V GG1'0F S6E°C S’y cheLSZ
YOr'0 ¥ GLE'EE 1910 6EV'6 - G900 ¥ LO9'S €00 F 680V S'ov ELSZ
0sv'0Fegl’le 1920 ¥ 98¢'Cl - €900 ¥ Ges'e 6200 F 18592 G'6€ oveLsz
SYE'OF 8LV LL 0EL'0F $¥6°S - 6¥0'0 ¥ £L0°€ ¥20°0 ¥ 690°¢ G'8¢ 6€E1SZ
0c€c'0F 88y’ L) clLI'oFeer's - GE0'0F L91°€E Y100 ¥ LE0'C g'LE 8EELSZ
8vv'0 ¥ GOE'2CH c9L'0F¥ £L0°6L - Y900 FELEL 1€0°0 ¥ 990°S G'oE LEELSZ
02e’L # 000°E8 6¥5°0 F LEL'OE - cBL'OF 0LV 9L SOL'0OF8EL'6 G'GE 9EELISZ
LEO™L F LYP' 19 8c2’'0FceL'6!l - EVLI0OF LOL'LL LL0°0F 9917, S've gee1sZ
GGL'0¥ 98209 89¢'0 ¥ ¢/8'¢c - OLL'OFEEC LI 500 ¥ S06'9 g'ee 1419 8°74
YS5°'0F v16'6C 6L1°0F LEL°0) - 890°0 ¥ 869V P00 F BYL'E g'ee €ee1sz
¢LL'0 ¥ G96°G¢C 91E°0F 2sv'cl - LOL'0F e6v'y L1900 F lOL'E g'le CEELSZ
918’0 ¥ 06202 ¢SL'0F 129’6 - 80’0 ¥ ¥09'E 0200 ¥ 68€'C S'0E IEELSZ
- - - - - G'6c 0ge1sz
So'0OF vivic orL'0F 291’6 - €50°0F29.'E cE0'0F LES'C G'8¢ 62€1SZ
9GE'0 F LGE°LL LLIOF $8L9 - SPO'0F vIO'E 620'0 ¥ 690°C g'le 8CELSZ
8620 F L02'CL 'O+ 269'G - 0¥0'0F Gle'e €200 F 02h’L g'9¢ 12e1SZ
wbem Kip wbam Aip wbiem Aip Wbiem Aip wbem Kip
(weib/wdp) {weib/swoe) (wesb/swoie) (wesb/swole) (wesbswole) wo al
(.01 X) Ndy e, (oL x)dN,, AoLx)nd,,, (,0Lx)nd,,, (;01 ) nd,, yideq ajdwes

€1-6640

359




IOHM 4q uni sejeoidey ,,
G661/L/1 Ol Peoa.I0d Aeoe(] ,

ov0'0F2LL0 820'0F $20°0 - S00'0 #0200 1000 F ¥20°0 S'es YSELSZ
Ew_mz Asp Em_oz Aip Em..ﬁs Aip «&m_mz Aip Ew_wB Aip
(wesb/wdp) {weib/swoye) (wesb/suwioye) (weib/swoje) (weibsswoje) wo al
0L X) ndy,... (oL x)dN,, {01 x)nd . (01 %) nd,,, (;01 x) nd,, yideq ajdweg

£1-5690

360



361




¢00'0¥ 1200 GS0'0 ¥ 865°0 - LLLOFOELY 120’0 ¥ 09.°0 G00'0F 0910 g'ee 92e1SZ
€000 ¥ 8200 00 F 65P°0 - 9600 F $0S°E LLO'OF 1ES0 €00°0 ¥ 2510 g've gecelsz
S00°0 ¥ Le0'0 9800 F EvY'0 - c0L'oFesye €LO'0F LLS0 Y000 ¥ 991°0 g'€e 14574
- - - 0800 F £9Y'E OO0 F2ES'0 €000 ¥ $S1°0 g'ge €2€1S8Z
¢00'0¥F 0c0'0 S90°'0F €190 - 060'0F6iSE 0L0'0F €850 ¥00°0F 991°0 S'ie ceelLSZ
- - - Y.00F €L0°E 600°0 ¥ 6¥¥°0 c00'0*9pi'0 G0¢c LeeIsz
S00°'0F 9200 ¢60'0F v94°0 - €80°0 ¥ £96'2 LLO'0 F $0S°0 Y00'0F 0LLO g'6l 0ceLSZ
€00'0 ¥ 920°0 SSO0'0F Gvv'0 - 90L'0FEYLC 8L0'0F98Y°0 SO00'0F LLL'O g'8l 61€1SZ
9000 F €200 LEL'0F 8ES'O - €VL°0 ¥ 9E9°E 021'0¥ 9850 610°0F 1910 A 8lEISZ
c00'0% 9100 /800 F +98°0 - ¢6L'0F6SCE 920'0 F8SY°0 9000 F t¥1°0 g9l LIELSZ
+00°0 F 1200 €€1L°0 ¥ 268°0 - 2cs'0¥99¢g'¢C SY0'0F L0C0 ¢l0'0¥F /800 g'gl 9Le182Z
L1000 F LO0'0 ISL'OF LEO'L - 191’0 F€/8°E €200F €490 S00°'0¥991°0 Syl SIELSZ
0000 ¥ 2000 ¥2COF LI8Y - 6S51L°0F¥ 6£9'C 120’0 ¥ 009°0 S00'0F G910 g'tl 1434874
000°0F €000 8620 F LSC'Y - 980°0 ¥ 265°C clO'0F ¥LS°0 €00°0¥F 0910 gcl €le1SsZ
000°'0 F €£00°0 S0 0F 9vey - ¥81°0F6.9'C 8200 ¥ G650 S00'0F 2910 Sl 48348574
0000 F$00°0 ISCOF Lop'E - LOE'0OF I88'EC LPO0F LI9O L00°'0F651°0 S0t LIELSZ
000°0 ¥ S00°0 652°0F¥619°¢ - ¢82’0 ¥ 890y 120'0F619°0 0L0'0F2S1L'0 S'6 0ie18Z
000°0 ¥ S00°0 LIS 0F LLLC - ¥L2'0F 9E6'C GE0'0 ¥ 06S°0 L00°0F0S1°0 g8 60€1SZ
0000 ¥ S00°0 9gc’0¥€65'c - G6E'0 ¥ 2¥B'E 850°0F 2090 0L0'0F LS10 SL 80€1SZ
L1000 ¥ 800°0 lec'0Fgec'e - 8.2°0 ¥ 626'C 8E0'0 F 450 9000 F 9¥1°0 Gq'9 L0€1SZ
L1000 ¥ £00°0 0020+ 699'} - LLI'0F882°€ G200 ¥ G4¥S'0 900°0F 9910 g'G 90€E1S2Z
L00°0 F LOO°0 08L0F€EL6’L - 28L'0F ¥00'Y G20'0F ¥€9°0 S00'0¥8SL°0 4 S0E1SZ
L00'0F 0100 6cL'0Fgle’L - 0L0°0F9€1L'E 600°0 ¥ LOS0 €00°0¥291°0 g'c Y0ELSZ
€00°'0¥¢2l0o0 EPCOF6LLL - c82’0F 8oLy ¥€0°0 F 929°0 9000 F P10 g'c €0E1LSZ
L00'0F 0100 PYSL0F 0LE' L - 060'0F €16C 010’0 F09¥°0 +00°'0 ¥ 8510 S c0eLsSZ
200'0F 0100 98L°0F vECL - G020 ¥ Gge'Yy ¢c0'0¥9.90 9000 ¥ 861°0 g0 l0ELISZ
oney onel opel ojjel onel ojel
Ayanoy woje woje woje woje woje wo ai
80,c1/Mdpyzecz +Ndyy /0, .Anor x) Ndge/Nd,yz Ndyy/ nzau :manu\azsn Ndge,/Ndyy; tideq 9jdwes

€1-5680

362



- - - - - - G'2cs €6E1SZ
LEL'0 ¥ 650°0 gee't ¥ 6950 - 0490 ¥ 950G 120’0 F €220 ¥00°0 # ¥¥0°0 G'1g cselsz
- - - - - - S'08 16€152
20T S60°0 0290 F LSE0 - cEL'0F L66°| S00°0 ¥ S80°0 200'0F 2400 S'6v 0se1sZ
G20'0F2L0°0 ¥60°0 ¥ €420 - 160'0F 6122 900'0F $81°0 200’0 ¥ €800 g8y 6ve1SZ
G00'0 ¥ 0¥0°0 8¥0°0 F ¥S€°0 - 9200 F LS1°} €000 F $S1°0 200’0 F€Et0 S'Ly 8v¥e1SZ
- - - 910'0F 1£9°0 £00°0F0E1L°0 #00°0 ¥ 902°0 g9y LYEISZ
S00°0 ¥ 850°0 SLO0F68L°0 - €100 F ¥25°0 200°'0F €010 €000 F [61°0 g'cp veLSZ
- - - 610°0F ¥0L'0 €00°0F PLLO 200’0 F 29t0 S'vy SPELSZ
$00°0 ¥ G6S0°0 LI0'0F €220 - 220’0 F90L°0 €00°0F 9110 200°'0F S91°0 g'ey 14231574
€00°0 F ¥£0°0 280°0 ¥ 98€°0 - LEO'OF 9GILL SO00°0F LLLO 200’0 F 810 sy EYELSZ
$00°0 ¥ 6£0°0 0€£0°0 ¥ 9¥£°0 - LLE'0F2ie’L €l0'0F2LL'0 0L0'0F2yL0 Sty eyeLsz
¢00'0 ¥ 9800 LLO'0F28E0 - SE0'0F G891 Y000 ¥ ¥€2°0 c00’'0*6EL'0 S'ov LyELSZ
€00°0 ¥ GE0°0 0E0°0 F €6£°0 - 160°0F 98b'E LHLO'OF 9L+°0 €000 F LEL'O g'6¢g ovELSZ
200°0 ¥ 9200 cE00F L6t'0 - 2S00 F vE6'L L00°0 ¥ /820 c00'0F 6410 g'8e 6EELSZ
¢00'0F0€0°0 8200 FSiv'0 - 9%0°'0 ¥ 099'C 900°0F EL¥0 ¢00'0FSGL°0 G'LE 8EEI1SZ
100°0 ¥ €£0°0 L10°0F96£°0 - cE0’'0 ¥ 809°C #00°0 ¥ 9LE°0 LOO'0OF ¥¥1°0 g'og LEELSZ
100’0 ¥ 620°0 0LO'0F 00t0 - 0’0 F v6l°¢ 8000 ¥ G6E0 200'0*08L°0 g'Ge 9EELSZ
100’0 F €€0°0 cl0’0F08€0 - LEO'OF9LL') 000 ¥ G20 200’0 ¥ G6SL°0 g've GEELSZ
1000 F LE00 cLO'0F v6E°0 - LE0'0 F 9€0°C S00'0F LEE°0 200°'0¥ €910 g'ee yEELSZ
L00'0 ¥ 220°0 G200 F ¥59°0 - 0S0'0 ¥ ¢82'2 9000 ¥ 9820 c00'0¥ G2t'0 g'ce €eeLsZ
000°0F LL00 crO'0F 49171 - Y60°0F LLLZ €L0'0F20¥0 €00°0F StL0 g'Le ceEISZ
L00'0 ¥ 9100 SE0'0F ¥8L°0 - GS0'0 ¥ 6992 000 F €0V°0 c00'0F LGL'0 goe lEELSZ
iO/NIQ# - - - - - G'6¢c 0€eLSZ
L00'0 F £€20°0 ce0’0F2.LG0 - 1S0°0 ¥ 92 L00°0F |19€°0 200’0 ¥ 8yL0 S'82 62e1SZ
200'0 8200 6200 F 69Y°0 - LS00 F 1682¢ L00°'0F 82e0 c00'0F 910 Gg'lc 8CELSZ
€000 ¥ £€20°0 €v0'0 ¥ 850 - 690°0F 0LG'2 0LO'0F 10P°0 €00'0F 9GO §'9¢ 12elsz
ojiey ojjel onel oned onel onels
Auanoy woje woje woje woje woje wo al
83,¢1/Mdoyz6ez *Ndyy/SOye, +(c01 X) nd./Nd, Ndgy /AN, Ndger/IN,e, Ndgez/Ndoye yideg ajdwes

€1-6680

363




G661/1/1 01 peioesod Aeseq ,

$00°0- * ¥00°0- - - 09’1 ¥ 699°E 911’0 ¥ 80E0 0200 * ¥80°0 §'€g YSE1SZ
ojieH onel ones onel ojel opes
Ayanoy woje woje woe woje woje wo al
8,c/Mdovzece Ngyz/$0,6 +(01 X) Ndyer/Nd, Ndgyz/AN ez Ndger AN o, Ndyeo/Mdgye Wideg ejdues

€1-6680

364



Appendix I1
Radionuclide inventories

365




Radionuclide inventories for selected time intervals as well as total core
inventories are given in Table AlIl:1. Sayles et al. (1997) observed variable '*’Cs
inventories in Ob delta cores and attributed it to sediment focusing, the dominance of
sediment composition variables, and possible contributions from local sources. Further
isotopic analyses of delta cores as well as those from the upper reaches of the Ob River
and its major tributaries also reveal between core variations in the inventories for all
radionuclides measured. Due to the numerous different causes of these variations
mentioned above, directly comparing radionuclide inventories between cores is
problematic.

Comparing the ratios of the different radionuclide inventories however, is quite
useful as it mitigates the effects of mineral composition and sediment focusing.
Furthermore, as discussed in the Chapter 5, a few of the sediment cores are missing
portions of the sedimentary record and thus do not contain complete inventories.
Fortunately, the profile features used in radionuclide horizon method provide a means of
examining inventory ratios where records are intact. In general, the inventory ratio data
yield conclusions similar to those drawn from the higher resolution contaminant records
in Chapter 6. One complicating factor with regard to using inventories in this fashion is
the effect of a single sample that contains significantly higher contaminant levels (e.g.

OB94-10A inventory Total vs. Total* see Table AIL:1).
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Sediment focusing and possible lithologic effects notwithstanding, a comparison
of radionuclide inventories measured in sediment cores from the Ob region to those
measured in soil cores collected at different latitudes in the northern hemisphere is useful
as it allows contamination in the Ob region to be compared to other locations that
presumably received contamination from fallout only. Since cores measured by Kelley,
Bond, et al. (1998) were collected in the early 1970s, radionuclide inventories for Ob
sediment cores were calculated for sediments with deposition ages between ~1950 and
~1971. Table AII:2 and Figure AIl:1 a to d shows radionuclide inventory comparisons
for 237Np, 239Pu, 240Pu, and 'Cs (note: 137Cs inventories for soil cores were estimated
using the global fallout '*’Cs/**°Pu ratio of 0.451; see Table 2:3 for details). With the
exception of global fallout inventories measured in Reykjavik, Iceland, and Bergen,
Norway, radionuclide inventories appear to be elevated compared to other cores at
similar latitudes. Compared to soil cores inventories collected at mid-latitudes however,
those measured in Ob sediments are similar, and it can be generally concluded that

contaminant levels although elevated are not extreme.
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Table All:2. Comparison of selected radionuclide inventories measured in Ob sediments prior to
1971 to global fallout inventories measured in soils north of 58 N latitude.

Locale Lat Lon “Np “*pu “Upy PCs*
atoms/cm®  atoms/cm®  atoms/cm?®  atoms/cm?

POINT BARROW, AK 71.39 156.48 4.51+0.08 898+ 0.10 1.74+0.02 0.79 +0.01
0B94-13 69.09 7672 514+0.04 2156+008 3.86+001 1.10+0.02
0B94-09 66.82 69.47 N/A 58.01+091 977+0.14 3.90x0.04
0B94-08 66.81 69.41 N/A 50.06 +454 8.12+0.72 3.24+0.05
0OB94-10A 66.78 70.96 20.02+0.14 51.13+020 886+0.04 352+0.04
0OB94-078B 66.67 68.54 5591024 1201+047 203:+0.08 1.45+0.04
FAIRBANKS, AK 64.84 147.72 1023+0.32 20.89+036 373+0.08 1.68+0.03
REYKJAVIK 64.15 2185 25.11+045 5292+0.58 953+0.11 4.30+0.05
PALMER, AK 61.6 149.11 11.20+029 23.41+041 423:0.08 1.91+0.04
0B95-04 61.18 68.93 17.01+0.13 9247 +0.65 10.58+0.08 3.53+0.04
0B95-05 61.17 69.08 35.71+0.19 124.50+0.57 18.29+0.10 8.20+0.09
BERGEN 60.38 533 33.50+069 8570+1.10 14.89+0.20 6.72+0.09
OSLO 59.92 10.75 16.67+0.28 37.30+0.43 6.68+0.08 3.01+0.04
WICK, SCOTLAND 58.43 3.08 1565+036 3261+054 593+0.11 268+0.05
0B95-13 58.12 68.57 19.09+0.09 6888+0.38 10.57+0.05 4.37+0.05
0B95-10 58.05 68.11 21.79x+0.07 101.79+0.22 14.04+0.04 6.07 +0.11
ROSKILDE 55.7 121 1571+0.38 2957+046 563+0.09 254+0.04
WANTAGE, ENGLAND 51.55 145 1394+042 2688+0.36 489+0.09 220+0.04
MUNICH 4813 1157 2850+0.83 5530+1.00 1055+0.21 4.76+0.09
PUYALLUP, WA 4719 122.29 14.32+0.37 33.89+025 6.13+0.06 2.76+0.03
ISPRA 45.82 8.62 30.13+0.71 58.10+1.00 10.96+0.19 494 +0.09
ORONO,ME 449 68.67 19.30+043 3864+063 7.09+0.12 3.20+0.05
SAPPORO 43.05 14135 2045+057 47.11+084 8.31+0.16 3.75+0.07
VERMILLION, SD 4278 96.92 2827+070 5783+096 10.18+0.18 4.5910.08
ARGONNE, IL 4171 87.98 23.19+051 50.01+079 857+0.14 3.87+0.07
BRIGHAM CITY, UT 4152 112,02 27.48+070 7590+1.40 11.13+0.22 5.02+0.10
BROOKHAVEN, NY 40.78 7292 1784+0.38 38.75+059 6.82+0.11 3.08+0.05
EUREKA, NV* 39.51 115,96 19.80+1.10 710.00 + 15.00 44.38 + 0.95 20.01 +0.43
MANHATTAN, KS 39.18 96.57 31.64+0.73 67.50+1.20 12.00+0.22 5.41+0.10
FILMORE, UT 38.97 112.33 27.20+1.30 120.60+2.50 13.39+0.29 6.04+0.13
SACAVEM 38.78 91 1829:046 3724+062 6.16+0.11 2.78+0.05
MOAB, UT 38.35 109.15 19.33+0.44 56.31+067 8.46+0.11 3.81+0.05
MORAGA, CA 37.84 12213 3.13+0.10 4911016 091+0.03 0.41+0.02
TULSA, OK 362 95.89 25.04+0.63 51.83+095 9.00+0.18 4.06+0.08
TEHRAN 36.15 50.27 21.00+0.48 40.72+0.66 7.56+0.13 3.41+0.06
RALEIGH, NC 35.79 78.67 30.00+065 60.05+0.97 10.88+0.18 4.90+0.08
TOKYO 35.7 139.77 17.89+050 3635+071 6.38+0.13 2.88+0.06
BURBANK, CA 3418 118.31 657+0.16 17.46+030 269+0.05 1.21+0.02
LAHORE 31.58 743 2117+ 063 39.96+0.76 7.42+0.16 3.35x0.07
KINGSVILLE, TX 2752 9781 9551042 2256+042 405+0.09 183+0.04
FORT PIERCE, FL 2745 80.33 1225+035 2570+048 475+0.10 2.14+0.05
WESLACO, TX 2616 9799 971x+024 2253+038 3.72+0.07 1.68=+0.03
CHIENHUA 25.23 12165 1057+027 19.29+0.35 3.45+0.07 1.56+0.03

* Radionuclide inventories not shown in figures.
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